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PREFACE

This document is the Final issue ¢f the MIL-STD-1760 Application Guidelines (CDRL i.om BOXC).

This work has been undertaken as part of Phase ll, Task 8 of the Aircraft Armament Interoperable
interface (A212) contract (contract number N60530-82-R-0012). The contract monitor is
Mr Carl Stoddard of Naval Weapons Center (NWC), China Lake, CA and the technical monitor was
Mr John Slivinski, and then Lt Paul Ivone and Mr Richard Lewandowski, ASD/ENASF, Wrigh:-
Patterson Air Force Base, OH.

Principal contributors to this document are:

Computing Devices -

Victor:= Fuller Rob Hill
David Fough Peter Hunt
Steve Knowles Peter Mackean
Hugh Perry Sue Spice
Rick Wiles John Withelm
Brian Winn

WINTEC -

Frank Woodall
The Computing Devices task manager is Hugh Perry.

The development of MIL-STD-1760 has been undertaken with the objective of reducing
significantly the proliferation of different types of aircraf/store electrical interfaces, thereby
improving aircraft/slore interoperability and reducing store integration problems.

This document addresses those issues which are associated with the practical implementation of
MIL-STD-1760 in a real aircraft and store environment. It contains the results implementation
experience gained as the result of comprehensive studies and the full implementation and
evaluation of the standard. This experience is generalized into Application Guidance that is
considered useful for assisting future imglementors of the standard.

This document is divided into three parts:

(1) The first part is the Application Guidelines Report (AGR) and includas program
background and a implementation case study.

(2) The second par (Appendix A) is an issue and guidance document. It includes a
summary of the projected benefits of the standard, a brief description of it and a discussion
of the MIL-STD-1760 Application Process. The main portion of this second part contains a
list of implementation issues and application guidance associated with each issue.

(3) The third part (Appendix B) contains the rationale for the conclusions contained in the
second part.
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SECTION 1
INTRODUCTION

1.1 SCOPE OF THE APPLICATION GUIDELINES The Application Guidelines records experience
gained and lessons learned from the studies, designs and evaluations undertaken during the AAll
Program, and provides practical guidance and associated rationale fur implementors of
MIL-STD-1760 in future applications.

1.2 PURPQSE OF THE APPLICATION GUIDELINES The purpose of the MIL-STD-1760 Appilication
Guidelines is to provide practical guidance for implementors of MIL-STD-1760 in future slore
and aircraft applications, as Wustrated in Figure 1.1. The standard has a significant impact on
the system design of related avionics systems, such as the Stores Management System (SMS),
analog data transfer equipment, the Porrer Distribution System (PDS) and Data Transfer
Equipment (DTE). It also impacts the design of the stores themselves. It is anticipated that the
document will provide useful information to: System Program Offices (SPOs), Aircraft Prime
Contractors, Avionics and Store System Designers, System Integrators, and Equipment Users.
The document has been deveioped with four key objectives:

a To identity kay Implementation Issues relevant to the MIL-STD-1760 Application
process and provide recommended implementation approaches for each issue.

b. To describe the practical basis and rationale for recommendations made.
c. To provide visibility into on-going MIL-STD-1760 applications.
d To allow the reader to obtain the specific information he needs easily and rapidly.

Provide Practicai Guidance
to Implementors
of Future MIL-STD-1760
Applications

‘ FOR

SPOs

Aircraft Primes
System Designers
System Integrators

FIGURE 1.1 Purpose and Readership of the Application Guidelines
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1.3 STRUCTURE OF DOCUMENT The document is divided into three parts, the Appilication
Guidelnes Report (AGR), Appendix A entitied "A Guide to MIL-STD-1760 Appiications,” and
Appendix B. The AGR summarizes the AAll iImplementation Examples in two main sections:

a The AEIS Validation System (AVS) and AVS Test System
b. The F-16 C/D Aircraft implementation Case Study

The principal content of Appendix A is a description of MIL-STD-1760 implementation Issues,
and recommended guidance for the implementation of each one. Appendix B includes the detaided
rationale for the implementation guidance included in Appendix A.

guadancecontanedmAppendmAhasbeendemedtromawideewiencebaseot

MIL-STD-1760 implementations. Figure 1.2 illustrates the process that has been undertaken
to develop the issues and guidance relevant to MIL-STD-1760 implementation. The list of issues
has been derived from:

a System studies undertaken in Phase | of the AAIl Program (Described in Section 4).

b. Detailed system, hardware and software experience gained through the design, test and
evaluation of a system which fully implements MIL-STD-1760 - namely the AVS (This system
is described in Section 5).

¢. The F-16 C/D Case Study, which considered design issues associated with
implementing the full MIL-STD-1760 on a tactical aircraft utilizing existing avionics
equipment to the maximum degree practicable. The study is described in section 6.

d A survey of Air Force planned implementations of MIL-STD-1760 in aircraft and
store programs.

Through the experience gained through the four activities described above, implementation
guidance for each issue has been derived. Where issues have been considered from more thar one
of these activities, the guidance provided is an amaigamation of the resuits of each activity. This
approach has enabled a wide spectrum of experience 10 be gained within the constraints of the
program schedule. Figure 1.2 also summarizes the main sections contained in the AGR and
Appendix A. Careful consideration has been given to the format of the presentation of the
implementation Guisance in Appendix A. Depending upon the particular interest of the reader, he
may wish to reference a particular topic in terms of the relevant MIL-STD-1760 paragraph,
the relevant phase of the Application Process, or a specific implementation issue. Appendix A
has been structured to simplify the reader's access to his relevant data.

1.5 CONTENT OF APPLICATION GUIDELINES  must be noted that material was not gathered after
June 1986 for the AGR. Consequently, some of the data and information may have become
outdated.
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SECTION 2
REFERENCED DOCUKENTS

2.1 GOVERNMENT DOCUMENTS Unless otherwise specified in paragraph 2.3, the following
specifications, standards, and handbooks form a part of this document to the extent specified

hearein.
2.1.1 Military Standards
MIL-STD-454 Standard General Requirements for Electronic
Equipment
MIL-STD-461 Electromagnetic Interference Characteristics
Requirements for Equipment
MIL-STD-462 Electromagnetic Interference Characteristics,

Measurement of
MIL-STD-704D Aircraft Electrical Power Characteristics

MIL-STT. L 2A Safety Program for System and Subsystems and
Equipment, Requirements for

Mi  _.u IS53B  Aircraft Internal Time Division Command Response
iultiplex Data Bus

MIL-STD-1760 Aircraft/Store Electrical Interconnection System
MIL-STD-1815A Ada Programming Language
2.1.2 Military Specifications

MIL-E-5400 General Equipmer: Zrvicon . ent

MIL-C-38999 Connecter, © -c.acal, Circular, Miniature, High
Density, Quick Disconnect (Bayonet, Threaded, and
Breech Coupling), Environment Resistant, Removable
Crimp and Hermetic Solder Contacts, General
Specification for

2.1.3 Handbooks

MIL-HDBK-244 Aircraft-= re Integration
2.1.4 NATO Standardizalion Aqre€ -0

STANAG 3350 AVS  Monochrome Video Standard for Aircraft
System Applications




2.1.5 Qther Documents

DRAFT Alrcrat/Store Electrical Interconnection
MIL-STD-1760A  System (Draft for Comment, April 1985)

DRAFT Notice 1 10 Logical Requirements (June 1985)
MIL-STD-1760A

22 CONTRACTOR DOCUMENTS

CDRL: COOK - Type A System Specification (for an AEIS implementation System). July
1983 (Reference CDC 182-02-01).

CDRL: COOL - Generic SMS System Design B1 Specification (Reterence COC
182-04-02).

182-51-02 AIM-8L Parameters

182-60-05 PCE B2 Specifications (COC)
182-60-06 SSE B2 Specifications (CDC)
182-60-07 SNE B2 Specifications (CDC)
182-60-08 APS B2 Specifications (CDC)
182-60-09 CSE B2 Specifications (CDC)
182-60-10 DC B2 Specifications (CDC)
182-60-11 MFD B2 Specifications (CDC)
182-60-12 SU B2 Spetcifications (CDC)
182-60-21 Alrcraft Wiring (CDC)

182-70-07 MIL-STD-1760 Evaluation Plan (CDC)
182-70-06 AVS Evaluation Plan (CDC)
182-70-13 LDD Evaluation Plan (CDC)
182-60-22 MIL-STD-1760 Impact of Changes

2.3 MIL-STD-176Q For the purposes of this document, MIL-STD-1760 shall be defined as

April 1985 draft MIL-STD-1760A, as amended by June 1985 DRAFT Notice 1 as limited by
document 182-60-22.




SECTIUN 3
DEFINITION OF TERMS

3.1 DEFINITION AND USE OF TERMS Terms when used within this document are as defined in the
referenced documents, MIL-HDBK-244, the NATO Glossary of Terms and Definitions for
Military Use, and as follows:

3.1.1 AVS - This is the AEIS Validation System, as described in section 5 of this document.

3.1.2 AVS Rig - This is the AVS and the avionics simulator described in section S of this
document.

3.1.3 AVS Rig System - This is the total evaluation system described in section 5 of this
document. NOTE: The AVS Rig System is a generic SMS simulator and it contains stocre

simulation systems. Because of this, stores are not actually released or jettisoned. However, for
consistency with the generic SMS requirements the terms are used as if real stores were
managed. In this context the terms should be taken o mean “functions performed as if the AVS
were contained within an In-Service Aircrait.”

3.1.4 Stora - A store is any device intended for internal or external carriage and mounted on an

aircraft, whether or not the item is intended to be separated in flight. There are two categories
of stores:

a Carriage stores are suspension and release equipment that are mounted on a non-
permanent basis, and may be fitted o more than one aircraft type or one aircraft station. Pylons
and primary recks (such as MAU-12) are not carriage stores.

b. Mission stores are all stores, excluding carriage stores and include, but are not
limited to. the following:

Missiles

Bombs

Nuclear weapons

Rocket pods, dispensers capable of ejecting mulliple
submunitions, guns and gun pods

Torpadoes

Pyrotechnic devices

Sonobuoys

Flares, chaff dispensers

Drones

Pods (laser designator, electronic countermeasures, siore
control, data link, reconnaissance)

Fuel and spray tanks

Target and cargo drop containers.

Note that pods directly associaied with aircraft flight control functions are not considered to be
stores. Also, note that individual rockets, gun rounds and submunitions are not considered to be
stores. In general, mission stores directly support a spacific mission of an aircraft.




3.1.5 AircrafyStore Electrical Interconnection System (AEIS) - The AEIS is a system composed
of electrical (and fiber optic) interfaces on aircraft and stores through which aircraft energize,
control, and employ stores. The AEIS consists of electrical interfaces necessary for the transfer
of electrical power and data between aircraft and stores from one store to another store via the
aircraft. It is defined in MIL-STD-1760.

3.1.6 Electrical Interface Typas - The AEIS consists of four electrical interface types as follows:

a Aircraft Station Interface (ASD - The Aircraft Station interface is on the aircraft
structure where the mission or carriage is electrically connected. This interface is usually on
the aircraft side of an aircraft-to-store umbilical cable (Some carriage configurations may not
use an "umbilical cable,” for example rail launchers). The Aircraft Station Interface locations
include pylons, conformal and fuselage hard pointe, internal weapon bays, and wing tips.

b. Carriage Store Interface (CSl) - The Carriage Store Interface is on the carriage store
structure to which the aircraft is electrically connected. This interface is on the store side of an
aircraft-t0-store umbilical cable.

c. Carriage Store Station Interface (CSSI) - The Carriage Store Station Interface is on
the carriage store structure to which ihe mission store is electrically connected. This interface
is usually on the carriage store side of the carriage store-to-mission store umbilical cable
(Some carriage stores, such as rail launchers, may not use an umbilical cable but use some
other cable/connector mechanism).

d. Mission Siore Interface (MS)) - The Mission Store Interface is on the mission store
structure to which the aircraft or carriage store is electrically connected. This interface is on
the mission store side of an aircraft-io-store umbilical cable, a carriage store-to-mission
store umbilical cable, or a rail launcher cable/connector mechanism.

3.1.7 Standard Store Inierface (SSI) - The term "standard store interface” is used 1o describe
any electrical aircraft/store interface which complies with MIL-STD-1760.

3.1.8 Non-Standard Store Interface (NSSI) - The term "non-standard store interface” is used to
describe any electrical aircraft/store interface which does not comply with MIL-STD-1760.

3.1.9 Interoperable Stora - Any store with an SSI that is intended for use on two or more
aircraft types (excludes special carriage trays).

3.1.10 Aircraft Station - The term “aircraft station” is used to describe a primary hard-point
fixture or fixtures on the aircraft structure at which a number of primary store stalions and/or
MIL-STD-1760 aircraft station interfaces (AS!) may be simultaneously located.

3.1.11 Hierarchical Bus Network - Is used to describe a network of two or more MIL-STD-
1553 buses where one or more buses has a command response protocol independent of one or
more of the buses, and which have data passing relationships.

3.1.12 Arming - The term "arming” is used ** describe the process of preparing a store for
employment from a safe condition. Arming is only initiated as a result of positive request from
the aircrew to the aircraft. Arming does not include the transition to an irreversible state.

3.1.13 lueversible Commit - This term is used to describe any processes which result in
irreversible changes in the employment states of stores and which excludes the store separation




process. Subsequent to irreversible commit, either a clean release or a hang-fire will be
achieved.

3.1.14 Store Separation - The term “store separation® is used to describe any process which
results in the intended separation of stores from the aircraft while in flight. The process
invludes bomb release, missile launch, rocket fire and jettison activities.

3.1.15 Store Employment - The term “store employment” is used to describe the process which
allows a store to fulfill its intended operation requirement.

3.1.16 Eiring - This term is used to describe the process of causing a projectile to be separated
from the aircraft through a tube (It is usually applied to firing guns, rockets and dispenser type
munitions).

3.1.17 Release - The term "release” is used to describe the separation of stores from the
aircraft in flight, usually in a vertical direction, for the purposes of employing the store. This
would include "Eject Launch.”

3.1.18 Launch - The term "“launch” is used to describe the process of saparating self-propelied
stores, such as missiles, from the aircraft in fiight for the purposes of employing the store.

3.1.19 Mulli-function controls and dispiays (MFCD) - The term "MFCD" is used to describe
those cockpit control and display facilities which could be used to effect store control.

3.1.20 Jettison - This term is used to describe the process by which stores are intentionally
separated from the aircraft in a safe and unarmed condition. Jettison is normally performed
following a system or store failure or when the safety of the aircralt may be in jeopardy. Stores
may be selectively jettisoned individually or in groups. Emergency jettison separates all
appropriate stores from the aircraft in a minimum period of time.

3.1.21 Beyersionary aclivity - The term “reversionary activity" is used to describe the
process which may occur following a detected system or store failure, which attempts to allow
system availability to be maintained.

3.1.22 Store selection - A store is defined as having been selected when any function or signal

(other than store communications or store interruptive BIT) has been activated or applied to
that store.

3.1.23 Store communicalion - The term “store communication® is used to describe transmission
to/from a store via the multiplex data bus.

3.1.24 AEIS implementation System (AIS) - The term "AIS” is used to describe those aircraft
avionics subsystems which are directly involved in the implementation of the AEIS. The
functional boundary of the ASI is not necessarily that defined by the physical boundary of the
avionics subsystems involved. The principal subsystem associated with the AIS is the SMS.

3.2 ACRONYMS AND ABBREVIATIONS These are defined in Appendix A.




SECTION 4
OVERVIEW OF THE CDC AAll PROGRAM

: : All) PROGRAM The AAIll program
is a pmt US Alr Force and Navy program whuch has been tasked to develop all aspects of the
Aircraft Electrical Interface System (AE!S), as defined by MIL-STD-1760. The program is
divided into a number of elements, as shown in figure 4.1. One key element is the concept
development and documentation of the avionics systems which will implement the standard,
together with the design of the logical, or protocol, aspects of the standard itseif.

4.2 THE CDC AAl PROGRAM

421 Program Qhbjectivas. The following discussion describes the program undertaken by
Control Data Corporation (CDC) and its then subsidiary, Computing Devices, UK. The work was
aiso supported by WINTEC Inc. in Valparaiso, Florida, and, in phase |, the Boeing Airplane
Company, Seattle. Throughout the program, which covered the 1982 to 1987 timeframe, a
number of changes and redirections were implemented to refiect the developing status of the
MIL-STD-1760. After the first one year phase of the program, the CDC contract was extended to
accommodate the MIL-STD-1760 program requirements of both the Air Force and Navy.

The major objectives of the program were:

a To determine the requirements of the avionics systems which will be required to
implement MIL-STD-1760 on future USAF aircraft [The principal system affected is the Stores
Management System (SMS)).

b. To develop an optimum generic system architectural design which
would implement these requirements.

¢. To develop a Logical Design Definition (LDD) for the standard.

d To test and evaluate MIL-STD-1760 within a fully representative system
environment.

e. To perform a MIL-5TD-1760 implementation case study on an in-service aircraft,
for which the F-16 was selected and to survey the current implementation status of the standard
in Air Force aircraft and stores (Thesa studies provide real-world implementation experience).

f. To document all the MIL-STD-1760 implementation experience gained within a fully
representative system environment, in an Apglication Guidelines Report to assist future
implementors of the standard.
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4.2.2 Principal Program Tasks. An overview of the tasks undertaken is shown in figure 4.2,
together with their interrelationships. The program was divided into two principal phases, and
consisted of the following tasks:

PHASE |

(1) Develop AEIS Implementation System (AlS) Requirements
(2) Design an AEIS LDD
(3) Develop a Generic AIS Design

PHASE Il

( 4) Design, Fabricate and Test an AEIS Validation System (AVS) and its test
environment.

(5) Test and Evaluate MIL-STD-1760 and the AVS, and then deliver it to the
Navy 1760 Test Facility.

(6) Perform a MIL-STD-1760 Implementation Case Study (on the F-16 C/D).

(7) Survey the planned Air Force MIL-STD-1760 aircraft and store
implementations.

(8) Develop MIL-STD-1760 Application Guidelines to assist future
implementors of the standard.

These tasks are shown highlighted in figure 4.1 (where relevant), to indicate how th¢ CDC
contract forms part of the overall MIL-STD-1760 development program.

usar HASE 1 PHASE 2 |
REOUIREMENTS : :
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DESIGN PERFORM
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DEVELOP
MIL.STD-1760
APPLICATION
GUIDELINES
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CASE STUDY SFUTURE
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ﬂEQUlﬂE.‘ENTQ GDRAFT AEIS QGUIDELINES
SPECIFICATION 100
o TYPE B¢ ..
SYSTEM *  OELIVER & s
SPECIFICATION BUPPORT AV
[ eDOCUMENTATION

L R T N N S IR LI T LY

cesmansesncresntncanrecassssananansanaanasantecann e

AlS - AEIS IMPLEMENTATION BYSTEM AVS - AEB VALIDATION SYSTEM

FIGURE 4.2 Overview of COC AAIl Program
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4.2.3 Program Schedule The AAIl program schedule (figure 4.3) shows the duration and
completion dates of each of the principal tasks defined in paragraph 4.2.2.
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FIGURE 4.3 CDC AAIll Program Schedule

4.3 TASK DESCRIPTIONS The following discussion briefly describes the principal tasks
undertaken during the AAIl program.

431 DRevelop AIS Reguirements A MIL-STD-490 Type A system requirement specification was
devgloped to define the system functions and characteristics of the AEIS Implementaticn System.
This system is required to control both existing and new (MIL-STD-1760) weapons on existing
and fulure aircraft. The specification was developed from the future Air Force and Navy aircraft
mission requirements, as well as a large number of previous related studies, relevant standards
and specifications. The specification was used to define the requirements for the subsequent
detailed system design activities, as well as providing an input to defining the general SMS
requirements for the Pave Pillar program. Figure 4.4 shows the types and quantities of weapons
that will be carried on each type of aircraft; these will fulfill the foreseen tactical and strategic
missions of Air Force Aircraft. The figure also shows the quantities of MIL-STD-1760
interfaces that wiil be needed in the future, and as such, forms a prime AIS system design driver.
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FIGURE 4.4 MIL-STD-1760 Weapon Requirements of USAF Aircraft Types

4.3.2 Design AEIS Logical Design Definition (LDD} Figure 4.5 shows the three elements of
MIL-STD-1760, the Physical, Electrical and Logical definitions. The development of the LDD by
CDC was undertaken to comply with an LDD Type A specification, and the system requirements
defined in the AIS Type A specification. The draft LDD comprised of the major elements shown in
figure 4.6. (The LDD, together with its rationale consisted of 391 pages.) W has subsequently
undergone revision as the result of Government and Industry review; this process has included
the review by the SAE AE-9A Task Group.

4.3.3 Develop Geperic AIS Design The task of developing a generic AIS design consisted of
studying alternative system architectures which would implement all the system requirements,
and then performing trade-off studies to determine the optimum implementation approach.
Figure 4.7 illustrates the key factors that influenced the system design, and which resulted in a
Type B1 specification defining the central, or generic, functions of an AlS.
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AVS and its tes: environment were developed to provide a full MIL-STD-1760 implementation
environment which is tully representative of the functional LRU partitioning of an aircrafi

system. An overall system diagram is shown in figure 4.8, a detailed description of the system is
given in section 5.
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ooncemed with testing the AVS and the test system to ensure that the AVS is a valid
implementation of all three elements of the standard. It also verified that the standard is
implementable in its entirety, and that it contains no inconsistencies. Issues and lessons leamed
from this process aie included in Appendix A. The second part of the task evalualed the standa:d
anad the way in which the AVS implemented it. This test and evaluation (T&E) process produced a
large number of 1760 implementation issues, and many lessons were learned from the procass.
The process is described in section 5 and relevant implementation guidance is contained in
Appendix A.

436 Perdorm F-16 Case Study An implementation case study was conducted on an aircraft
representative of a current MIL-STD-1553 avionics architecture. The F-16 C/D was selecled
as being a stressing case in terms of its physical and performance requirements, and the wide
range of new weapons it will carry in the future. The main purpose of the study was 1o
determine implementation issues and guidance relating to incorporating the standard on an
existing aircraft, while making the maximum use of the exisling weapon management system.
The study is described in detail in section 6.
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43.7 Survey of MIL-STD-1760 Implementations This survey identified the implementation
status and associated issues of each Air Force aircraft and store program cumently planning 0
implement the standard. The purpose of the study was to determine the implementation tactors
which these programs have already determined through their experience, and to enabie this
experiance 1o be incorporated into Appendix A.

4.3.8 Develop Application Guidelines As has already been described in section 1, the
MiL-STD-1760 Application Guidelines documents the 1760 implementation experience gained
as the result of the program. While describing the particular activities undertaken (in the
Application Guidelines Report), Appendix A is structured to present general 1760
implementation issues and recommended guidance for the implementation of MIL-STD-1760 in
tuture aircraft and store programs. The appilication guidance contained in Appendix A addresses a
comprehensive range of specific implementation issues. These have been determined as the
result of the wide spactrum of design experience gained during this program.
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SECTION §
DESCRIPTION OF THE AEIS VALIDATION SYSTEM AND THE AVS TEST SYSTEM

5.1 AEIS YALIDATION SYSTEM (AYS) This section provices an understanding of the
requirements and design uf the AEIS Validation System (AVS) and its use. Design
guidance gained from the AVS forms a substantial portion of the guidelines of this
document, and an understanding of the AVS is important in using the guidance presented.
Sections 5.1 through 5.3 address those three subject areas, namely the:

a AS
h. AVS Test System
¢. MIL-STD-1760 Test and Evaluation

The AVS equipment is shown in figure 5.1, and in system diagram form in figure 5.2. The
overall objective of the AVS was to ensure that a valid AEIS standard is produced. The
development of the AVS to support that objective is described below for the following phases:

a Objectives (Para 5.1.1)
b. Delinition (Para 5.1.2)
¢. Performance (Para 5.1.3)
d Interfaces (Para 5.1.4)
8. Design (Para 5.1.5)
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FIGURE 5.1 AEIS Validation System (AVS) being used to Test and Evaluate MIL-STD-1760
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5.1.1 AVYS Objsclives The overall objective for the AVS as stated above was 10 ensure that a valid
AEIS standard is produced. In translating this objective into more tangible objectives, it was
defined that the AEIS standard would have two main components:

a MIL-STD-1760: A military standard which, with notices, defines physical,
electrical and logicai interface characteristics, (refer to Appendix A sections 4 and 5).

b. Application Guidelines: Providing further interface and implementation detaits
which can be used or mandated on specific contracts.

in ensuring a valid standard the AVS, by implementing MIL-STD-1760, would support both
these components. MIL-STD-1760 evaluation of a realistic implementation would enable
avoidance of incofrect provisions being included in the military standard. Application Guidelines
result from the detailed analysis of the design and inplementation features of the AVS. The AVS
therefore had specific objectives of:

a Enabling the demonstration and evaluation of the complete MIL-STD-1760 including
the logical elemant

b. Enabling the demonstration of a MIL-STD-1760 test plan
c. Enabling the preparation of Application Guidelines
d Implementing MIL-STD-1760 in a realistic system environment

5.1.2 AYS Definition The AVS can be defined principally by the functions it executes. The main
function of the AVS is to implement MIL-STD-1760, and it is therefore an AEIS implementation
System (AIS). However, as with all AlS, there are other functions that the implementation will
implement. In determining the functions that the AVS would implement, consideration has to be
given to three main factors:

a Costs and Timescales
b. AVS objectives
c. Realistic implementz.tion

The tunctions of the AVS arg, therefore, to provide:

a MIL-STD-1760 AIS Interfaces:
Physical
Electrical
Legical

b. Existing Store Interfaces

c. Stores Management for:
MIL-STD-1760 Air-to-Air Missile
MIL-STD-1760 Air-to-Ground Missile
MIL-STD-1760 Bomb
MIL-STD-1760 Carriage Store
AMRAAM
AIM-SL Sidewinder
MK 82 Bomb
Suspension and Release Equipment
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d Oata Management:
To/from stores
Data Formatting
Data Computation to Store Axes
Interfaces o Stores and Aircraft

6. Stores Management Functions:
Selection
Stores State Control and Monitor
Targeting Control
Arming
Release Management
Selective Jettison
Emergency Management
inventory
Weapon BIT

f. Crew Interfaces:
Displays
Critical Controls
Non-Critical Controls

9. Miscellaneous:
Aircraft Wiring
Pylon Wiring
Carriage Wiring

Full details of the AVS functions are contained in the references defined in paragraph 2.2, and
particularly in the AVS Critical Item Development Specification 182/51/01.

5.1.3 AYS Performance A full definition in this report of the AVS performance would be
inappropriate. The AVS specification (reference above) contains all the details. The most
relevant areas of the specitied AVS performance are listed beiow.

a Loadouts The loadouts for the AVS are shown figuratively in figures 5.3 and 5.4. The
AVS implements five pylon stations and up 1o two carriage store stations. Each station has a
MIL-STD-1760 interface, a MK 82 Bomb interface and an S&RE interface. The two outhoard
stations have Sidewinder interfaces capable of full SEAM mode. The MIL-STD-1760 interface
classes implemented are:

(1) Class 1A ASI for three central pylons
(2) Class 1 ASI for outboard pylons
(3) Class 2 CSS! for two carriage stations

b. Eunctional Dependencies The input-output dependencies for all of the AVS functions
are specified as for a real AEIS implementation.

c. Data A stressing data transfer and processing performance is specified for the AVS.
Processing tasks include conversion between MIL-STD-1760 and non-standard formats,
computation of release points, and conversion of target data between aircraft and store axes
systems. A full and realistic range o data types is transferred at rates and precisions of
typically 25 Hz and 16 or 32 bits, respectively.
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d Release/Jeftison A realistic performance is specified for both release and jettison.
Key points include:

(1) Design representative of single fault immune and
10-7/hour hazard rates.

(2) Release packages Jefinable.

(3) Multiple release modes with release spacings selectable to 10 meters
minimum spacing at variable attack velocities.

(4) Separzte Selective and Emergency Jettison functions. Both are sequenced and
Emergency Jettison is single fault immune.

e. Control/Display A multitunction flexible color control and display interface is
specified for the majority of all functions. Critical contro! is specified by inaividual controls
which include Master Arm, Trigger. Ground Test, Selective and Emergency Jettison demands.

f. Inventory A stressing solf-determination of inventory system is specified. The AVS
does not have an inventory panel, thereby reducing the represented crew loading.

g. Interfaces All key AVS interfaces are realistic in connector, signal and data terms.
(Refer 10 5.1.9 below.)

h. Built in Test (BIT) A rmultimode BIT implementation is specified. BIT coverage is a
minimum of 95%. and diagnosis of faults to individual replaceable units is implemented.
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i. Environmenl A ground based laboratory environment is specified to reduce cost.
j. Yolume/Mass To reduce cost and provide increased user fiexibility, the volume and
mass of the AVS are not constrained to flight equipmen: limits.
5.1.4 AVYS Interfaces The AVS implements interfaces with stores, suspension equipment the
aircraft and the crew. Key points are listed below.
5.1.4.1 Slores Interfaces
Connectors: MIL-C-38999

Signals: MIL-STD-1760
AIM-9L interface

5.1.4.2 Suspension Equipment Interfaces

Connectors: Multiple, Circular
Signals: As MAU-12, Modular Rail Launcher (MRL)
5.1.4.3 Aircraft Interfaces
Connectors: MIL-C-38999
Triaxial data bus connectors
SMA RF connectors
Signals: 115 Volt 3 phase power

28 Volt DC power (redundant supply)
MIL-STD-1553 Avionics Data Bus
9 Analog bidirectional paths

5.1.4.4 Crew lnlerfaces

Multifunctionn Display: Multicolor

Touch Sensitive

Multipaged

Mixed Store Video/Symbol displays
Critical Controls: Discrete Switches

Momentary Action (Release, Jettison)
Two state (Master Arm, Ground Test)
Joystick: 4 way control

5.1.5 AYS Design Three areas of the AVS design are of interest: Functional Partitioning
(Philosophy and Implementation), Internal Interfaces, and Key Design Features.

5.1.5.1 AYS Functional Paditjoning Philosophy The approaches to partitioning in the AVS are
listed below for the main external and internal AVS functions. External functions are concerned
with implementing the interfaces which are external to the AVS. Internal functions are those
which do not normally directly impact external interfaces.

a External Funclions

(1) Powsr Switching Medium Power (primary interface) switching up to 10
Amps is distributed to remote units near to the store interfaces to minimize aircraft wiring and
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improve EMC. High power (auxiliary interface) switching up 1o 30 Amps is centralized due to
the high volume and excessive power dissipation associated with switching these currents.

(2) Crilical Switching Critical Switching is distributed to remote units near to
the store interfaces and suspension equipment. This is principally to reduce the EMC hazards
associated with long wiring lengths ot critical signals. A reduction in aircraft wiring also
results.

(3) Analog Network The Analog Network is centralized. This resuits from the
need to keep remote units small, the cost of Frequency Division Multiplex (FDM) systems, the
ability to use high bandwidth wires for existing store signals, and the reduction in aircraft
wiring that centralized networks provide for most airframes. Figure 5.5 iilustrates this
comparison. The analog networking is located separately from the main AVS decision processing
to allow evaluation of an AIS architecture, with processing integrated into a mission processing
system.

(4) AELS Bus Coptrol Centralized and located with AVS decision processing to
reduce delays ‘n staie changes and data transfer.

(5) Data Formatling Centralized to reduce the size of remote units.

(6) Existing Stote Interiaces Complex signals are centralized to reduce the size
of remote units, but are located in a separate unit t0 the decision processing and data formatting.
This enables evaluation of an AIS architecture with processing integrated into a mission
processing system. Non-complax generic discrete sighals are distributed to remote uniis to
reduce aircraft wiring.

(7) Avionics Intedace Centralized to reduce data paths. Data bus interface and
analog interfaces are located with the AVS processing and analog networks respectively, for
similar reasons.

(8) Diuplays/Controls Distributed to units representative of cockpit locatable
equipments and panels.

b. Internal Functions

(1) Decision Pracessing A centralized method reduces the data paths and
internal bus loadings during time-critical functions, such as multi-store targeting or releass.

(2) Builtip Test (BIT) BIT mode management and activation are centralized to
ensure efficient result collation and overall coordination with AVS functions. The BIT
functioning withir the remote units and weapons is managed by remote BIT controllers to reduce
the central processing load and enhance BIT execution times.

(3) DRataBase Centralized for efficient access by the AVS decision processing and
data formatting.

(4) Internal Interface Management Centralized and located with the AVS decision
processing to provide rapid control and monitor of AVS state.
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(5) Power Begulation Distributed to units where regulated power is consumed.
This results in lower aircraft wiring than would centralized or part centralized power
regulation.

(6) Power Distribution Centralized, but distributed away from the AVS decision
processing. This results in lower aircraft wiring than with a totally distributed system, and
also allows evaluation of an AIS architecture where decision processing is integrated into a
mission processing system,

5.1.5.2 AYS functional parutioning implemenptation The AVS is shown as a system diagram in

figure 5.2. The AVS comprises the following functional components:

Process Control Equipment (PCE)
Stores Station Equipments (SSE)
Signal Network Equipment (SNE)
Auxiliary Power Equipment (APS)
Carriage Store Equipment (CSE)
Disnlay Controlier (DC)

Multi Function Display  (MFD)
Stubbing Units (SV)
Dedicated AVS Cockpit Switches (EJ, PSJ, TRIGGER, MAS, TEST Joystick)
Armament Bus

Aircraft Wiring

X oT@ RO op

The functions of these components are described below.

a PCE Description The Process Control Equipment (PCE) is the main systam controlier
of the AVS. The PCE is defined in specification 182-60-05. It executes the following functions:

(1
(2
(3
(4
(5
(6
(7
{8

b. SSE Description Each Store Station Equipment (SSE) impiements the discrete and
power interfaces for one pylon. The SSE is defined in specification 182-60-06. It executes the
following functions:

(1)
(2)
(3)
(4)
(5)
(6)
(7)
(8)
(9)

Avionics bus interface

Interfacing with critical switches

Armament Bus control (MIL-STD-1553 bus)

Armament bus discrete control with single fault immune EJ function
Store state control and monitor

Store data supply and monitor

AVS LRU state control and monitor

AVS LRU data supply and monitor

N St St g S S

Provide the armament bus intertace

115 VAC & 28V DC power for single primary ASI
Release consent generation

MAU-12 S&RE control and monitor

Fuzing signals generation

LAU-127 S&RE control and monitor

Generic discrete input/output

Single fault immune EJ function

Provide fault isolation for overcurrent conditions




c. SNE Description The Signal Network Equipment (SNE) implements the high
bandwidth, low bandwidth and existing store interfaces for the AVS. The SNE is defined in
specification 182-60-07. It executes the following functions:

(1) Armament bus interface
(2) Interface to HB1, HB2, HB3, HB4 and LB for five ASls.
(3) Interface 1o AIM-9L guidance and audio signals multiplexed onto the high
bandwidth signals defined above for two ASIs.
(4) Provide avionics analog intertace for:
(a) 1 x 2 GHz bidirectional interface
(b) 4 x 20 MHz at 50 Ohm bidirectional interface
(¢) 3 x 20 MHz at 75 Ohm Dbidirectional interface
(d) 1 x Low Bandwidth bidirectional interface
(5) Provide analog network of (AS| nodes: Aircraft nodes:
ASI-ASI paths):
(a) 5:11:0 2 GHz network
(b) 20:7:9 20 MHz network
{c) 5:1:1 Low Bandwidth network
(6) Provide AIM-9L scan function
(7) Provide data conversion between MIL-STD-1760 target data formats and
AIM-9L guidance formats.

d APS Description The Auxiliary Power Switch (APS) implements the power
distribution and auxiliary power switching of the AVS. The APS is defined in specification 182-
60-08. It exvcutes the following functions:

Amament Bus Interface

Distribute 115 VAC to PCE, SNE, DC, Pylons 1-5

Distribute 28 VDC A & B to PCE and Pylons 1 - 5

Provide switched MIL-STD-1760 Auxiliary Power to ASI 2,3 & 4
Monitor Power

Provide fault isolation for overcurrent conditions.

— — o~ o~ — p—
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e. CSE Description The Carriage Store Equipment (CSE) is the simulated
implementation of the electronics of a MIL-STD-1760 twin store carrier (or multiple ejector
rack). The CSE is defined in specification 182-60-09. It executes the following functions:

CS! Interface to MIL-STD-1760 ASI (Primary and Auxiliary)
Provide two MIL-STD-1760 Class | CSSI interfaces

Control and monitor for two MAU 12 S&RE

Fuzing signals generation

MIL-STD-1553 routing between CSI and CSSI

High bandwidth and Low bandwidth networking between CSI and CSSI
Power swiiching and fault isolation to CSSI

— — o~ o~ p— o —
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s st gt o “npr? v “w”

t. DC Deascription The Display Controller (DC) implements the interface between the
cockpit mounted multifunction display (MFD) and the avionics bus. The DC is defined in
specification 182-60-10. It executes the following functions.

(1) Avionics Bus Interface
{2) MFD interface
(3) Joystick interface
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(4) Three channel (RGB) video to STANAG 3350 Class I to MFD with
approximately 500 x 240 cell resolution

(5) MFD touch sensitive data interface

(6) Powerto MFD

(7) Symbol generation

(8) Control demand formatling

(9) Video input (of AGM video)

¢ MED Descriplion The Muttifunction Display (MFD) implements the main control and
monitor interface of the AVS. The MFD is defined in specification 182-60-11. it provides the
following functions.

(1) RGB driven multicolor display surface with STANAG 3350 Class B video
(2) 20 x 24 cell touch sensitive surface using infrared light beams
(3) Interface to Display Controller (DC)

h. Stubbing Units Definition Two types of stubbing units are used in the AVS: Avionics
Stubbing Units (AvSU) and Armament Bus Stubbing Units (SU). They implement the stubbing
functions required on each bus to reduce the aircraft wiring. The stubbing units are defined in
specification 182-60-12. The AvSU is required to implement a transformer coupled single bus
stub to MIL-STD-1553. The SU provides the following functions:

(1) Two transforme: coupled singte bus stubs
(2) Single stubbing of EJ, EJ* and SMS Select Signals
(3) Structure Ground Signals

i. Cockpit Switches The AVS implements interfaces to five external switches simulating
cockpit swilch functions. These switches are defined as:

(1) Trigger (TRIG)
(2) Pilot Selective Jettison (SJ)

(3) Emergency Jettison (EJ)

(4) Master Arm (MAS)
(5) Ground Test (GND TST)
(6) Joystick

All switches, except the joystick, are designated as critical switches, and they interface to the
PCE. They are, except the joystick, two pole double throw with six contacts. The joystick is a
single pole four way swilch to enable movement of a parameter in one of four directions.

5.1.5.3 AVS Internal Interfaces The key details of AVS internal interfaces relate to the areas of
connectors, power interfaces, digital interfaces, discrete signals and analog signals.

a Conpectors In accordance with USAF policy, good design and high EMC/EMP
performance, MIL-C-38999 connectors are used for all AVS unit interface with 3 exceptions:

(1) Triaxial connectors for data buses.
(2) SMA connectors for 2 GHz signal paths.
(3) High Power input connectors to Auxiliary Power Switch (APS).

b. Power Interfaces Power interfaces between AVS units are 28 Volt and 115 Voit 3
phase to MIL-STD-704 voltages.




c. Digital Interfaces MIL-STD-1553 is used as the transfer mechanism for most AVS
intemal data. Other candidate systems such as non-standard serial data bus, High Speed Data Bus
(HSDB) or Pi Bus were rejected on the basis of either lack of applicability to future
implementations, or lack of current support equipment.

Communication between the PCE and the Display System is consolidated with the avionics data
bus, and all other inter-unit communication is consolidated with the armament data bus. This
reduces hardware, software and aircraft wiring.

Data Bus prolocols are determined by the other users of the buses (that is the Avionics and the
Armaments systems).

Data transferred intemally includes control, monitor, target position, system time and BIT
information.

d Discrels Signals The use of discrete signals internal to the AVS is minimized to
reduce aircraft wiring and to support the use of standard data bus interfaces. Some data elements
are selected to be transferred as discrete signals for reasons of either reduced complexity or
safety. Examples include:

(1) SMS selects (Safety-Critical Enable)
(2) Emergency jettison demand

e. Analog Signals No analog signals are transferred between AVS units in normal use.
Analog signals are transferred between the external interfaces and the analog network. The AVS
can be configured to display weapon targeting video on to the display system.

5.1.5.4 AYS Key Design Features Full detail of key AVS design features is included in Appendix A

with its supporting rationale. The key features of the AVS design (as opposed to specification),
not described above are:

a Software designed and written in Ada (MIL-STD-1815).

b. Highly generic software architecture with reusable packages, automatic loadout
identification and configuration of data processing.
c. Back-up hardware guard systems to prevent critical hazards due to software
faitures.
Mixed technology safety-critical switching.
MIL-STD-1760 signal lines utilized for existing store interfaces.
MIL-STD-1760 protocols and formats used for internal control and monitor.
MIL-STD-1553 interface designs optimized for MIL-STD-1760 protocols.

PR
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§.1.5.5 PCE Functional Design Refer to figure 5.6 PCE Block Diagram, while reading this
paragraph. The Avionics RT board provides a dedicated MIL-STD-1553-to-shared memory and
shared memory-to-MIL-STD-1553 interface to the aircraft Avionics bus. The Avionics
processor provides the interpretation and reformatting of the avionics data which is
communicated via shared memory to and from the SMS processor. The avionics data includes
targeting information and MFD selection data. The SMS processor provides the formatting of
stores management data into LDD format for 1760 store control and appropriate formats for
existing stores control. The MIL-STD-1553 message data is passed via shared memnry 1o the
Armaments Bus Bus Controller. This contains a 68000 microprocessor which ensures comrect
sequencing of message transfers on the armaments bus. For safety critical message transfers the
appropriate safety critical codes are accessed from the EJ controller board. The safety critical
codes are hardware interfocked to the appropriate cockpit switches to enhance system safety.
The EJ controller board provides single fault immune Emergency Jettison function, SMS relay
drives and the cockpit swilches interface. The 128Kx16 battery backed up RAM is provided for
program and data memory use by the SMS processor, the Avionics processor and the Bus
Controller processor. The VME Arbiter is the VME bus management controller which prioritizes
VME bus accesses for the three processors in the PCE.

Data Programme VME
Memory Memory Avionics SMS
64K x 16 64K x 16 Processor Processor Reses
Spare RAM EPROM
Syale
v VME UF el FEE e
ME UF i 7 Soe
PSU 1 | [
L ]
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Cockpit EJ, S}, SMSEL
Switches

Figure 5.6 PCE Block Diagram




5.1.5.6 SSE Functional Dasign Refer to figure 5.7, SSE Block Diagram, while reading this
paragraph. The General Purpose RT PCB providas the MIL-STD-1£53 armaments bus interface
to the dedicated hardware latches and monitors of the SSE circuitry. A modulo 2 with shift left,
checksum check is carried out on all incoming messages and coded up on all outgoing messages.
The safety critical output information contained in subaddress 11 messages. words 3 and 4 is
passed to the Safety Criticai Checker PCB, where code, sequence and parity checks are
performed. If the checks are successful the 1760 store state descripiors are latched into the
Safety Critical Driver PZB. The Safety Critical Checker PCB also provides the 28V discrete
input interface from the S & RE connectors. The Safety Critical Driver PCB provides dual
channe! drives for the safety critical outputs, as well as single channe! arives for the power
output switches. Single fault immune EJ is ensured by the use of discrete EJ inputs as well as
MIL-STD-1553 initiated EJ. A Ov discrete input monitor interface is provided from the S & RE
connectors. The Relay and FET modules contain the autput switches for the safety cntical and
power oulputs. The Switch Monitor PCB provides passive monitors for all stages oi the satety
critical output path io ensure maximum fault isclation. The inlerpretation of the m-nitors is
zarried out by the SSE Processor PCB which is outside the safety critical path for  isons of
safety, but which does have a veto to disable all safety critical outputs in the everni of an unsate
condition occurring. EJ is still post sle via the discrete EJ inputs however anc cannot be
disabled by the processor. The procassor has the ability to fuily exercise the safety critical path
during IBIT, but hardware interlouns are provided to ensure that unsafe conditions cannot occur.
The processor PCB also provides the 28v and Ov discrete output drives. The PSU module
provides dual channel supplies for the EJ function to ensure single fault immunity to a single
supply loss.
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Figure 5.7 SSE Block Diagram
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5.1.5.7 SNE Functional Design Refer to figure 5.8 SNE BLOTK DIAGRAM, while reading this
paragraph. The Remote Terminal PCB provides a dedicated MIL-STD-1553 to shared memory
and shared memory to MIL-STD-1553 interface to the aircraft armaments bus. The SNE
processor provides the interpretation and reformatting of the data including system time,
targeling data and network control. Sidewinder control, including fuli SEAM mode
implementation is provided by the Sidewinder PCB controlled via the processor for ASIs 1 and 5.
The four Network PCBs and RF module provide for full Class | 1760 networking on all ASis and
the Aircraft Interface. Networking of sidewinder signals fcr ASis 1 and S is handled using HB1,
HB2, HB4 and LB signals.
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5.1.5.8 APS Funcliopal Design Refer 1o figure 5.9 APS BLOCK DIAGRAM, while reading this
paragraph. The APS RT provides a dedicated interface to the MIL-STD-1553 armament bus.
Each incoming message is verified using a modulo 2 with shift left checksum check, before being
latched into dedicated circuitry on the Driver Monitor PCBs. All outgoing monitor messages have
a modulo 2 with shift left checksum coded into them before transmission. The Crivar Mor..or
PCBs provide relay drives for the Auxiliary output power relays for ASIs 2, T and 4 as w2il as
monitors of APS supplies for fault determination. This information is inte., r {9~ (» the PCE
since no processing intelligence exists within the APS. Circuit breakers ar. pro riued on the
Auxiliary outputs to provide overcurrent protection under fault conditions at the ASI. The APS
provides power distribution to other AVS units, which is separately fused, to enable degraded
system performance in the case of one or more units developing an overcurrcnt fault.
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5.1.5.9 CSE Functiopal Design Refer to figure 5.10 CSE BLOCK DIAGRAM, while reading this
paragraph. The CSE contains the following boards which perform identical functions to those in
the SSE except that they control two CSSls. (Further information in 5.1.5.6). RT PCB, Safety
Critical Checker, Safety Critical Driver, Relay and FET Modules and Switch Monitor PCBs.
Additionally they perform Auxiliary Power switching. The Dual Port Ram PCB is the 1553
mecsage store into which all MIL-STD-1553 messages received are placed. The Processor PCB
reformats the appropriate messages to the CSSls and receives messages from the CSSis to be
passed back to the Armaments bus RT via the Dual Port Ram. The Processor PCB also carries out
BIT checks on the majority of the hardware to provide maximum fault isolation capability. The
Bus Controller PCB controls transactions on the CSS! MIL-STD-1553 bus under the control of
the Processor as described above. The CSSI, Bus and Misc. PCB contains the CSSI bus and stub
components including MIL-STD-1553 drivers and transformers. It also provides switching for
a Class |l 1760 Analog interface to the two CSSIs X and Y.
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5.1.5.10 DC Functional Design Refer to figure 5.11 DC Block Diagram, while reading this
paragraph. The MIL-STD-1553 RT PCB provides the interface to the aircraft avionics pus.
Screen display information and handshaking is provided via the MIL-STD-1553 avionics bus and
passed to the Control Processor. The Control Processor interprets the information and formats
appropriate graphics commands which are passed to the ANGUS PCB. The Control Processor also
interprets the touch sensitive infrared switch presses for transmission via the avionics bus to
the PCE. The ANGUS PCB is a high level graphics control processor which interfaces to the 48K
byte Video Store Controller, which contains the pixel display information. The Address Output
Generator PCB controls the outputting of video information from the video ram to the Video
Output PCB. The Video Output PCB contains the color patette, gray scale generator, RGB output
DACs and external video input mixing circuitry. The RGB output is used to drive the MFD
directly.
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5.1.5.11 MFD Functional Design Refer to figure 5.12 MFD Block Diagram, while reading this
paragraph. The MFD provides the appropriate circuit.y required to take an external RGB input
with sync on green and provide all drive signals to control the color CRT. Tho Infrared Overlay

and Control Electronics are self strobing but interrogation control and response is provided via
the Display Controller.
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Figure 5.12 MFD Block Diagram

5.1.5.12 SU Functional Design There are two fypes of Stubbing Units, the Avionics SU and the
Armaments SU. The Avionics SU provides for a continuation of the avionics bus with a single,
transformer coupled stub being provided to the equipment in question. The Armaments SU
provides for a ccitinuation of the armamants bus with two, transformer coupled stubs being
provided to tre equipments in question. The Armaments SU also provides for the busing of the
discrete signais EJ, <J. and SMS SELECT, with a single stub-off of each of these signals to the

equipment concerned. In each case two stubbing units are required at each RT station to provide
A and B channel MIL-STD-1553 buses.

5.2 AVC Test System

5.2.1 Geperal The AVS Tust System is shown in figure 5.13. The Test System supports
achievement of the overall AVS objectives by enabling the AVS to be used. This requires

simulation of all the equipments and functions that are external to the AVS and which are
interactively managed by the AVS.




5.2.1.1 AVS Tesl System Qverview The AVS Test System (AVSTS) comprises of an Avionic
Simulator and Control Unit (ASCU) and a Store Simulator and Monitor Unit (SSMU). The AVSTS
interfaces to the AVS as shown in figure 5.1, and has the functions as shown in figure 5.13
(AVSTS Bilock Diagram). The ASCU consists of two processors, which have the following
functions:

a Processor A - provides the avionics simulation, target simulation and interface to the
operator.

9. Processor B - provides the communications between processors A and the SSMU.

Avionics and targeting information is provided via the Bus Controller Unit, which acts as the Bus
Controller on the MIL-STD-1553 Avionics Bus, interfacing to the AVS. EJ and SMS Select
discretes are also provided by the AVS to the ASCU. Processor A interfaces also via an RS232
link, 1o a control and monitor VDU, which enables the operator 19 control set up of the AVS and
monitor the state of the AVS during operation. Information is passed between processors in the
ASCU via common RAM and an inter procassor link. This information is targeting information
for communicating to the SSMU. Both processors are able to interface to displays which show the
states of system time, discretes and Store (SSMU). The SSMU interfaces to the ASCU via an
RS232 interface, and the information passed over this link is targeting and SSMU status
(controUmonitor). The SSMU communicates with the AVS via the MIL-STD-1553 Armamant
Bus. To enable this the SSMU has a remote terminal unit which provides dedicated links between
1553 and shared memory and between shared men.ory and 1553. Also interfaced between the
SSMU and the AVS are the following 1760 signals; 1760 Discretes, 1760 LBW, and 1760 HBW,
which are used to set the state of the stores. There is also an S & RE interface between the SSMU
and the AVS for provision of the necessary signals for jettisoning or firing of stores.

5.2.2 AYS Test System Functions The AVS Test System provides both simulation and monitor
functions. The AVS Test System does not provide worst case signal loads or full signal monitoring
capability, where these can be provided by simple external loads. Functions of the Test System
are detailed below:

a Simulation Functions

Avionics Bus Control

Avionics Data Source (MIL-STD-1553)
Weapons State Simulation

Weapons Data Source

Suspension Equipment Simulation

Fault Simulation

b. Meniter Functions

AVS State of Health

Avionics Data Values
Weapons Data Vales
AVS Error Datection
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5.2.3 AYS Test System Design As shown in figure 5.6, the AVS Test System has two unit types.
These are an Avionics Simulator and Control Unit (ASCU) and a Stores Simulator and Monitor
Unit (SSMU). Although only one ASCU and one SSMU are deliverable items, up 10 two SSMU were
used in the test and evaluation of the AVS. Functions of the ASCU and SSMU are detailed below:

a ASCU Fundlions

Avionics Bus Control

Avionics Data Source and Monitor

AVS Test System Controller and Display (via additional VDU)
Armament Bus Monitor (with additional equipment)

AVS State of Health Monitor

b. SSMU Functions

Weapons Simulation:
MIL-STD-1760 Air-to-Air Missile
MIL-STD-1760 Air-to-Ground Missile
MIL-STD-1760 Bomb
AMRAAM
Sidewinder AIM-9L

Weapon Data Source:
MIL-STD-1553
Video (STANAG 3350 Class B)
Lcw Bandwidth
interfock Signals
AIM-9L Audio
AIM-9L Guidance Signals

Suspension Equipment Simulation:
MAU-12
Modular Rail Launcher
Store on Station signals
Rack Unlock and BIT signals

Data Monitor and Display:
Weapon State
Target Data
Errors Detected
Systern Time

Signal Manitor and Display:
Releass Signals
Arming Signals
Power Supwlies
Interlock Signals

5.3 MIL-STD-1760 Test and Evalyation The overall objective of the AVS was to ensure a valid
AEIS standard. To achigve that objective Test and Evaluation processes have been executed using
the AVS and the Test System. The key results of the Test and Evaiuation process are:

a MIL-STD-1760 Evaluation Report (to enable the AEIS to be correctly specified).
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b. MIL-STD-1760 Test Plan (to enable MIL-STD-1760 implementztions to be
validated).

The test and evaluation process involves the following tasks to achieve these results:

MIL-STD-1760 Test Plan generation

MIL-STD-1760 Test Plan execution

AVS Evaluation

MIL-STD-1760A Evaluation

MIL-STD-1760 Logical Design Definition (LDD) Evaluation

RO TP

These are described in sections 5.3.1 through 5.3.5 below, and are shown in figure 5.14.

5.3.1 MIL-STD-1760 Taest Plan Generation This plan identifies each individual requirement of
MIL-STD-1760 and describes how to test that each of these requirements are being met. The

document identifies four main categories of testing which are:

a Inspection - Concerned with visual verification (non-operating) of equipment or
related documentation.

b. Analysis - Process by which the design is examined and computation based on this is
performed.

¢. Demonstration - process of verification of a qualitative requirement by observing
corract operation.

d Measurement - Process of verification by exercising applicable elements and
collecting, reducing and analyzing data.

The MIL-STD-1760 test plan includes a lest matrix which for each of the requirements
identifies which category of testing is required and the approach that may be taken to perform
those particular tests.

532 MIL-STD-1760 Test P'an Execution The test requirements identified in 5.3.1 above
were used as the basis for ensuring the AVS correctly implements MIL-STD-1760. Firstly
those tests relevant to the AVS were identified. Then a detailad procedure was generated for those
tests requiring demonstrations or measurements of the AVS. This procedure was then performed
to obtain the necessary data to be analyzed. Reports were then generated against each of the
relevant requirements and these individual reports collected together and summarized to
produce the MIL-STD-1760 Test Report.

5.3.3 AVYS Evaluation An evaluation of the AVS design is required to ensure that tha
MIL-STD-1760 Test and evaluation processes take place in a realistic context; that ‘s, a design
representative of an on-aircraft AEIS. This evaluation is achieved by first producing an AVS
Evaluation plan which identifies the major evaluation topics to be considered and then for each of
these topics identifies the detalled issues to be addressed. The plan also indicated for each issue
the approach to be adopted for the evaluation in terms of three main evaluation methods:

a Analysis - process of examining the AVS design

b. Measurement - process of exercising applicable elements, collecting data and
analyzing the results obtained

c. Inspection - process of viewing applicable elements
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FIGURE 5.14 MIL-STD-1760 Test and Evaluation Procass

A detailed procedure was then generated for those evaluation requiring measuraments. These
procedures were then performed to obtain the necessary data to be analyzed. Reports were then
generated against each issue and these individual reports collected together and summarized to

produce the AVS Evaluation Report.
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5.3.4 MIL-STD-1760A Evaluation This evaluation process is performed in order to determine
the impact that the electrical aspects of MIL-STD-1760A has on the design of the AVS. The
evaluation was performed by first producing a MIL-STD-1760A Evaluation plan which

identifies the major Topics 1o be considered and, for each Topic identifias the detailed issues to be
addressed. The plan indicates the approach to be adopted for the evaluation in terms of the three
main methods, Analysis, measurement and inspection as defined in 5.3.3 above. A detailed
procedure was then generated for those evaluation issues requiring measurements. These
procedures were then performed to obtain the necessary data to be analyzed. Reports were
generated against each issue and these individual reports collected together and summarized to
produce the MIL-STD-1760A Evaluation report.

5.3.5 MIL-STD-1760 Logical Design Definition (LDD) Evaluation This evaluation process is
performed in order to cetarmine the impact that the Logical aspects of MIL-STD-1760 has on
the design of the AVS. The evaluation is performed by first producing an LDD evaluation plan
which identifies the requirements of the MIL-STD-1760 Logical Design Definition and then
defines specific issues associated with these requirements. An LDD Evaluation procedure was
then generated which defines the approach to be adopted tor evaluating those issues relevant to
the AVS. These procedures were then performed and a report generated for each issue. These
individual reports were then collected together and summarized to produce the LDD Evaluation
repori.

5.4 Summary of Resulls of Test and Evaluation The detailed results of the Test and Evaluation
process are embedded in the Application Guidance of this document and in the reports referenced.
A summary of the results is given below for the following areas; MIL-STD-1760 Evaluation,
MIL-STD-1760 Test Plan, and AVS Evaluation.

541 MIL-STD-1760 Evaluation The evaluation of MIL-STD-1760 based on the experience of
designing and building the AVS has shown that an AEIS can be buill for an on-aircraft situation
which impiements the requirements of MIL-STD-1760. The evaluation did show some areas of
concern and these are highlighted in the following paragraphs.

54.1.1 Eyaluation of Electrical Definition Generally the electrical requirements specified in
MIL-STD-1760 can reacily be incorporated in the design of a stores management system, the
actual interface being simpler than some existing stores. There are two areas in particular
which require further consideration: fauit isolation requirements on power signals, and
provision of RF network for High Bandwidth 1 signals. These are discussed below:

a Eauit Isolation - The particular requirements of MIL-STD-1760 impose the use of
circuit breakars in series with each of the power signals at the ASI. No other suitable devices
have been found which maet the current-time profile specified in the stundard. Circuit breakers
are relatively large devices and could present difficulties if available space is limited.

b. BE Network - The requirements of High Bandwidth 1 include the provision of a
network 10 transfer signals up to 1.6 GHz. To ensure that all the requirements of this network
are met then the use of specialized RF relays is required. These devices are relatively large and
result in the volume of circuitry required to implement this network becoming quite significant.
One possible solution would be to make the use of this network optional and so allow the aircraft
1o oniy provide this RF capabilily at selected siations.

5.4.1.2 Evaluation of Logical Design Definition (LDD) Evaluation of the LDD based upon the
expariences of the AVS implementation has shown that the predicted benefits in the ares of
interoperability, reduction of software and integration cost have become a reality. The AVS SMS
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implementation has proved that an aircraft system can be developed with a generic LDD handling
software module that can control and release intelligent mission stores using with typical data
flow structure in LDD formats and transmitted within the LDD protocols that would be expected
in controlling modem missiles. The evaluation result clearly showed that the following areas
yielded the expected benefits:

Standard coordinate systems, formats and scalings of entities
Standard Messages for Safety critical control

Specified use of MIL-STD-1553 Status word bits

Store Description Page A

Safety critical states allowing finite stale control software

The following aspects require atiention to improve the useability of the LDD:

Store Description
Service Request
Standard Control Words
Safety critical Control
Busy

These are discussed in the paragraphs below:

a Siore Description - It was possible o develop generic software modules for message
processing using the uploaded descriptions. However, the context of each user defined message.
that is, at which point during the release sequence the message is required and the rate that the
message is 10 be transmitied, is not supplied by the mission store in ils store description. The
lack of this information compromises the interoperability advantages provided by store
descriplions, to the extent that store-specific software still has to be developed in the aircraft
system.

b. Service Request - The provision of queuing up to 4 events at the mission store and the
resultant protocol to support this proved 10 be cumbersome and over complicated the software
design. The Standard vector word created problems within the aircraft software solutions in
recovery actions. The reporling of checksum failure through service request over complicated
buffering of messages to allow recovery action to be taken.

¢. Standard Control Data Words - The use of standard data words for control of mission
stores, as demonstrated by the Discrete Contro! Word 1, can result in increased integration
times unless the precise use of the control bits is specified. It also proved difficult to map
mission store functions onto available control bits.

d. Safety Critical Control Word - Imposing a strict state change sequence upon mission
stores can decrease store run up times and increase store design complexity. A better solution
would be to make provision for full sequence to be implemented by the mission store if the store
requires it.

6. Busy_Times - The benefits in increasing data throughputs by utilizing the uploaded
busy times cannot easily be realized. An aircraft implementation capable of handling
simultaneous busy RTs with different busy times increases the complexity of the BC firmware to
such an extent that the resultant overhead outweighs the possible throughput banefits.

542 MIL-STD-1760 Test Plan The execution of the Test Plan on the AVS showed that the
system complied with all the requirements for an AEIS as defined in Draft MIL-STD-1760A,
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dated April 1985; and Draft MIL-STD-176CA Notice 1, daled 3 June 1985: as limited by COC
document 182-60-22.

5.4.3 AYS Evaluation. The Evaluation process showed, that the system was represemative of an
on aircraft AEIS implementation in all issues that were considered and were relevant to
evaluating MIL-STD-1760. AVS LRU shape, size and weight were not always representative of
aircraft equipment, but this did not invalidate the evaiuation of MIL-STD-1760.




SECTION 6
MIL-STD-1760 IMPLEMENTATION CASE STUDY

6.1 PURPOSE AND SCOPE OF THE CASE STUDY MIL-STD-1760, ihe Aircraft/Store Electrical
Interconnection System (AEIS), is beyirning to significantly affect the aircraft and store
development communities as pressure is increased to provide more interoperable stores. The
stangard requires that new stsies be controllable via a subset of the MIL-STD-1760 signal set,
and that aircraft be capable of previding the MIL-STC-1760 Signal Set. No aircraft or stores
currently fully conform to 1760, although some feaiure partial implementations. These subsets
are varied and are sometimes arbitriirily implemented in the absence of sufficient management
directior.

6.1.1 Purpose The purpose of this case study effort is tc identify and address issues which will
be faced when implementing MIL-STD-1760 in a current U.S. fighter aircraft, this objective
being achievs through the practical study of an exising aircraft. The information produced by
this study should provide a baseline from wiich an advanced system design satisfying 1760
requirements can be developed. It will certainly identify tycical 1760 implementation issues
and how they were resolved in this case.

6.1.2 Scope The scope of the study was limited to the system components currently aboard the
aircraft which would be affected by the implementation of MIL-STD-1760. These componerits
generally veside in the aircraft Stores Management System; however, some avionics subsystems
are also affected by 1760, dand these are also addressed in the study.

6.1.3 Approach The overall approach taken in the study was constrained by the requirement to
retain as many of the existing aircraft hardware and software capabilities as reasonably
possible, and accommodaie both existing and projected stores in the baseline for the advanced
design. Tne approach consisted of four task areas: MIL-STD-1760 rtamiliasization, aircraft data
collection, determination of implementation impact on the aircraft through analysis and tradeoffs
of alterna. ves, and the implementation of MIL-STD-1760. The case study has been separated
into two parts:

a those aspects of the aircraft wiring, power and videv distribution subsystem, and the
Remote Interface Units (RIU) which are impacted by implemented MIL-STD-1760.

b. the design impact on the Acdvanced Central Interface Unit (ACIU) of implementing all
three eloments of MIL-STD-1760.

6.2 CASE STUDY AIRCRAFZT (F-16C/D) The F-16 C/D was the logical choice for the sase study
as it is tha most modern U.S. fighter aircraft with the potential for being in active service for
many years t0 come. |t is a certairty that 1760 stores will eventually be carried by tha F-16
and the aircraft will have to be modified accordingly. Further, the F-16 has a mcdern digital
avionics suite which should be capable of supparting 1760 interfaces with minimal change.
These features were considered advantageous since it was expected that full 1760
implementation on the aircraft also would eventually he required for a number of reasons.
Therefore, the study would provide an independent baseline for future decisions on
implementation costs and technical matters. While the study has reviewed current plans to
implement 1760 on the F-16, it must be .tressed that if any conclusions reached as a result of
this study differ from those solutions actually being implemented; it is not a critique of the
planned approach by the aircrait prime contractor. This study has not taken into account cost
anc tirnescale implementation issues. We would wish ‘o thank the prime contractor for their
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support during this study. The following paragraphs address those F-16 C/D systems which
were determinea to be affected by implementation of a 1760 system. A general description of the
F-16 C/D operational characteristics, along with a brief discussion of its current and projected
stores management capabilities is presented initially. This is followed by a description of the
current and projected stores for the aircraft with illustrations of loadouts and identifications of
control requirements. Next, the partial 1760 provisions which are currently featured in this
aircraft are discussed. Finally, detailed descriptions of the system components and their
functions, which would be effected by full implementation of 1760, are provided.

6.2.1 Geperal The F-16 (C and D models) aircraft are single-engine, muiti-role tactical
fighters with full air-to-air and air-to-ground combat capabilities. The F-16D has the same
characteristics as the F-16C except that it is a tandem two-place aircraft. The aircraft is
powered by a turbo fan engine which is in the 25,000-pound thrust class. A tricycle landing
gear is used. All flight control surfaces are actuated hydraulically by two independent hydraulic
systems that are directed by signals through a fly-by-wire system. The cockpit is enclosed by
an electricaily positioned clamshell canopy. The key capabilities required for the dual roles of
all weather air-to-ground strike and air-10-air superiority include the following: precise fire
control, upfront accessible controls, multifunction displays, accurate navigation, efficient data
processing and transfer, and most important, a highly capable Stores Management System for
aircrew management of both simple and complex stores. This involves the following functions
associated with the management of the stores:

identification, inventory and status

activation and control

release, launch and jettison

sequencing and delivery rate

verification of stores and system integrity

video switching

power control

coordinated communications between the cockpit displays,
delivery avionics, and suspension and release equipment

In addition, advanced capabilities envisioned for the future imply that accommodations may have
10 be implemented to improve the ratio between target destruction and the attrition costs of
expensive aircraft for items such as:

a Automatic interrogation by Forward Air Control (FAC) elements and automatic
transfer of ordnance status to FAC aircraft

b. In-flight sight depression angle calculations involving calculation of dupression angle
for weapon release based on new delivery tactics dictated at time of weapon delivery

¢. Sate separation/dudding check, including checking cf arming/fusing conditions to
ensure safe separation and avoid dudding

d. Bias error compensation for ordnance bias errors such as ejection velocity and
position on aircraft

e. In-flight fuze settings whereby the fuze setting that will optimize weapon
effectiveness is calcuialed based on release conditions and target kill parameters

f. Aided weapon selection whereby a computer calculates which weapon will be most
eifective against a particular target and within various release conditions
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6.2.2 Current and Projected Stotes Figure 6-1 shows the typical slore station arrangements
for all classes of stores projected for deployment on the F-16 C/D. Figure 6-2 shows the
slation loading authorizations for the individual stores with aircraft electrical interface
requirements which are currently centified for the aircraft, and those projected for
cenrlification. The various quantities authorized for each store station and the mixes between
stations can be found in the station loading sheets contained in Technical Order 1F-16C-1 for all
currently certified stores. The entries for the projected stores are based on analogies with
current stores or best qualified judgments.

6.2.2.1 Constraints - The carriage and release limitations of interest which have been
published on the currently certified stores are as follows:

a Mirror images of all authorized store loadings are authorized unless specifically
restricted.

b. ECM pods, travel pods, AIM-9 missiles and ACM! pods are non-jettisonable.
c. AN/ALQ-119/15, AN/ALQ-119/17, and AN/ALQ-131 mixes not authorized.
d. Any combination of AIM-9 missile configurations may be mixed.

g. ACMI pod may be substituted for any AIM-9 missile in the authorized air-to-air
loadings.

f. Launch sequence of AIM-9 missiles is from inboard to oulboard. Only one step-over
per wing is authorized.

g. Empty AIM-9 launchers at stations 2 and 8 not authorized for carriage when nuclear
weapons are carried.

h. Air-to-surface stores of same type must be separated outboard to inboard.

i. Air-to-surface stores in mixed loads may be separate inboard to outboard; however,
all stores of one type must be depioyed before initiating deployment of another type.

j- When 300 and 370/600 gallon fuel tanks are carried simultaneously, the 300 gallon
tank must be separated prior to separation of 370/600 galion tanks.

k. Minimum release interval for unretarded stores is 60ms for ripple pairs trom TERs.

I. For single stores of the same kind on stations 3, 4, 6 and 7, the minimum release
in"arvals are 200ms for pairs and 100ms for singles.

m. Minimum release intervals for retarded stores is 150ms for pairs and 75ms for
singles from TERS.

n. For single mixed stores on stations 3, 4, 6 and 7, the minimum release intervals are
250ms for pairs and 125ms for singles.

o. Selective and emergency jettison for nuclear stores can be accomplished only be using
normal SMS release procedures.
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6.2.2.2 Store Control Requiremnents - The stores listed in figure 6.3 have/will have control
requirements which must be accommodated by the F-16 C/D Stores Management System (SMS).
These requirements are well ur derstood ‘cr stores which are documented in publications such as:
Weapon Interface Data Summaries (WIDS); AAAS Contractor Stores Data (ACSD); AAAS Stores
Digital Interface Data (ASDID); and, the Aircraft Stores Interface Manual (ASIM). The
documents which describe the requirements for a given store are identified in the remarks
column for the store listing. The following information is provided for stores listed in figure
6.3 which are not included in the aforementioned information sources (WIDS, ACSD, ASDID,
ASIM) and for wuich little definitive store control information was available.

Store Remarks Store Remarks
ACMI A-A Combat scoring pod IAGTS® Improved A-A 37u-33
mounts to AIM-9 launcher Aerial Target
AGM-65 WIDS-21, 21-A, ASDID-1,4 LANTIAN® 1 Targeting pod,
1 Navigastionsl pod
AGM-130* Powered GBU-15
LAU-3 FFAR (19) launcher
AIM-7 ASDID-1, 3
LAU-68 FFAR (7) launcher
AIM-9 WIDS-4, ACSD-2,
ASDID-1,2 LAU.88 3 rait Maverick
launcher WIDS-20
AN/ALQ-119 ECM Pod
LtAU.116° AMRAAM Launcher
AN/ALQ-131 ECM Pod ASODID.1, 10
AN/nLQ-165* Adv. Self Protection LAU-117 sigle reil Maverick
Jammer (ECM Pod) launcher WIDS-20,
ASDID-4
AMRAAM* ASDID-1,10
LAU-5003 CRV7 (19) laucher
ASHAAM® Advanced Short {lange A-A
Nissile LRSOM* next generation stand-oft
missile
8.57 NUKE Sysium 1 Interface
with NRIU MAU-12 pylen internal rack,
WIDS-20, ASIM
B-6i NUKE System 1 interiace
with NIRU, ACSD-26 MG1A1 20MM internal gun
BRU-31 ASIM (same as TER-9), OBEWS® EW training system
wWIiDS-20
SRARM* Short range anti-
FUEL TAMRY 370 & 600 gals radistion missile
GBU-1§ 2000lb glide bomb (EO) SAIF* programmable fuze
ACSD-22
* CONCEPT / DEVELOPMENT

FIGURE 6.3 Currently Certified and Projected Stores with Electrical Control Requirements
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a The Air Combat Maneyvering Instrumentation (ACMI) range system contains two
airborne pods (AIS/P-4 and AIM-7 TM) which simulate respeclively the carriage and launch of
AIM-S and AIM-7 air-to-air missiles. Both pods have unique 1553 A-MUX links with the host
aircraft, but interface with the AIM-9 Launcher for other electrical requirements, duplicating
those of the AlM-9. However, new acquisitions of these pods beginning in FY-87 are required 1o
comply with MIL-STD-1760.

b. The AGM-130 is a powered version of the GBU-15 Glide Bomb and is currently in the
advanced stages of development. Up to three times the range of the GBU-15 is expected by the
addit'on of propulsion. The SMS control requirements, except for the propulsion unit, are
expected to be essentially those associated with the GBU-15 and are outlined in ACSD-22.
Another possible exception may be a requirement for precise inertial alignment data if a lock-
on-after-launch capability requiring navigation to a waypoint is developed for the weapon.

c. The ANVALQ-119. 131 and 165 are ECM pods which can be carried on stations 3, 5,
and 7. Thgy are never mixed; only one of the configurations can be flown during a mission. The
AN/ALQ-165 is kncwn 25 the Advanced Self-Protection Jammer and is currently in the final
stages of doevelopment. The pods have no direct interface with the SMS except they must be loaded
into the SMS memory to provide AC power to the pods.

d -10- began as a joint USAF/USN
venture which was allocated to UK/FRG after a Memorandum of Understanding (MOU) was signed
for European participation in the program. ASRAAM is to be a replacement for the AIM-9 family
of IR homing missiles. A UK/FRG company called BBG (Bodenseewerk, British Aerospace,
GmbH) was formed in November of 1983 to carry out development and production of ASRAAM.
Little is known about the status of the program except that a lock-on-after-launch capability,
desired by the US, is being debated among the participants.

e. Ihe F-16 external fuel system includes three tanks of different capacities (300, 370
and 600 gallons) which can be carried in various combinations. The 300-gallon tank is carried
only at the fuselage centerling station on a MAU-12 and has no electrical interface with the SMS.
The 370- and 600-gallon tanks only can be carried on stations 4 and 6 on fuel pylons. The SMS
interfaces with the fuel pylon for store present indication and for cartridge fire to jettison the
pylon-tank combination.

t.. Ihe \mproved Aerial Gunnery Target System (JAGTS) is a captive target towed by an
aircraft. The target is contained in a pod, reeled in at mission completion. IAGTS control
requires: aircraft power; power for jettison, reel ouvtin, counter reset and data for cable
length, scoring, system status, and display thereof. A MIL-STD-1760 interface is a system
requirement; however, the system specitication does not call for its incorporation until such
time as a pre-planned product improvement (P3|) program is initiated.

9. The LANTIRN largeting and navigation system is in advanced stages of development and
will greatly enhance the capabilities of the F-16 upon eventual deployment. The system consists
of two pods: one for targeting which includes a laser transmitter/receiver and a FLIR, the other,
for navigation, includes a Terrain Following Radar (TFR) and a FLIR. The navigational pod has no
interface with SMS. The targeting pod has a serial digital interface with the SMS for control of
mode, Field-of-View (FOV) contrast, and AGM-65 Maverick target handoff, both automatic and
manual. Postulated advanced versions of LANTIRN would also have the capability to automatically
target up to six Mavericks (or other video type weapons) simultaneously. This capability is
piobably 5§ to 10 years in the future.




h. The LAU-3, 68 and 5003 are 2,75-inch rockel launchers carried on the centerline
stations of Triple Ejector Racks (TER). An intervalometer within each launcher is ground
setiable for interval and firing mode (single/ripple). Firing signals from the SMS are routed 10
the launchers through the TER by a selector switch located on the aft end of the TER. Rocket
capabilities for the launchers are: LAU-3 (19); LAU-68 (7); and LAU 5003 (19). CRV7
rockets are loaded in the -5003 as opposed to FFARs for the -3 and -68.

i. Ihe Long Range Standoff Missile (LRSOM) program is just now getling started with
concept definition contracts awarded to two teams oi contractors headed up by Boeing and General
Dynamics (GD). Several European countries are represented on the two teams. At this time the
concept appears 1o be leaning toward the cruise missile approach with a variety of conventional
munition warheads. Both lead contractors have developed cruise missiles: Boeing, the AGM-86
ALCM; and GD, the AGM-109 Tomahawk in ground and sea launched configurations. GD also was
well into developing an air launched configuration of the Tomahawk called Medium Range Air-to-
Surface Missile (MRASM) for conventional weapon warheads before the program was canceled.
It is highly probable that LRSOM will be developed with a MIL-STD-1760 interface. Envisioned
capabilities of LRSOM imply that the SMS store control requirements will include, as a
minimum: power conditioning; inertial alignment; flight support systems checkout and
initiation; payload programming; sensor activation; and launch/release.

Ihe internat Gun Subsystem M61A1 consists of cockpit controls, gun controller,

20mm gun, ammunition handling set, gun supports, ventilation system, rounds limiter swilch,
and last round bypass switch. The gun provides close range air-to-air and air-to-ground
combat capabilities. The gun is located at the left strake and is a fixed, air-cooled, six-barrel
weapon which is coupled with a 510-round capacity, double-ended, linkless-feed ammunition
handling system. Arming of the gun, display of stations (ready/not ready), and display of rounds
count are raquired of the SMS.

k. The On-Board Electronic Warfare Simulator (OBEWS) is an electronic combat (EC)
training aid designed to provide aircrews with realistic EC threat indicaticns during training
flights. OBEWS will be housed in a pod nearly identical to the AN/ALQ-131 pod and interfaces
with the SMS only for power control as do the ECM pods.

I. Ihe Shod Range Anti Radiation Missile (SRARM) program was scheduled for a late
1985 stan of the concept definition phase. The weapon is to fulfill NATO requirements for
protection of aircraft against radiating threats while operating in or around the FLOT (Forward
Line of Troops) areas. The threats primarily would be mobile anti-aircraft artillery and
surface-to-air missiles launched from vehicles or hand-held. The operational concept implies
automatic or autonomous launch upon threat detection allowing the aircrew to fully concentrate
on the primary aircraft mission. Such a capability will place significant processing demands on
aircraft systems for target acquisition, discrimination, and launch control. It is assumed that
the aircraft interface for SRARM will conform to MIL-STD-1760 as is expected for all new
NATO weapons. The SMS control requirements could be quite extensive if automatic/autonomous
operation becomes an eventual capability.

m. The Standardized Avionics Inteqrated Fuze (SAIF) is being developed to provide an in-
flight capability for programming fuze functions consistent with release conditions and target
kill requirements. SAIF features a subset of the MIL-STD-1760 interface and currently
consists of: MIL-STD-1553 MUX Bus; 28 VDC power; and discretes for interlock and return,
five address lings with return, and address parity. SAIF is intended primarily for use with
unitary warhead and dispenser drop weapons with few, if any, sophistications other than the
programmable fuze.




6.2.2.3 Impact on Stores Management - Almost all of the projected new complex stores will
have a MIL-STD-1760 interface and will generally exhibit control requirements in excess of
those associated with existing stores. The stores will require more avionics type information
such as targeting, air data, and navigation. Training pods like the ACMI and OBEWS require other
tyres of information not normally found on the SMS bus, such as cockpit switch activations and
status of other avionics subsystems. These and other diverse requirements will necessitate a
comprehensive SMS/avionics interface. Also, significantly increased SMS processing
requirements will occur due primarily to desired capabilities, such as autonomous and
simultaneous control of stores and more complex store processing algorithms associated with
store targeting and navigational data.

6.2.3 F-16 C/D Current MIL-STD-1760 Provisions A complete aircraft/store electrical
interconnection system is comprised of three elements: electrical, logical, and physical. The
electrical element specities the aircraft-1o-store interface signal set and associated electrical
characteristics. The logical element defines aspects such as the communication protocol, formats
for messages and standard data words. The physical element specifies the mechanical parameters
necessary for achieving intermateable electrical connections. Of these three elements, the
electrical and physical elements are addresse7 in MIL-STD-1760A. The electrical interface is
comprised of two signal sets, a Primary Inte. _cc Signal Set and an Auxiliary Power Signal Sel.
The former is the basic signal set for 1760, while the latter is for those applications requiring
additiona! power. The logical element was initially released as draft notice 1 to

MIL-STD-1760A. This notice has been used as the referance document for all of the logical
requirements. Figure 6.4 lists the 1760 electrical requirements and shows the wiring
provisions made/to be made by the airframe manufacturer for the requirements in both the
F-16 Blocks 15 and 25. The following general comments are provided on the actual provisions
as documented in the information and data reviewed for C/D model aircraft.

a. BF_Lines - General Dynamics claims 10 have installed RF lines such that two lines are
available near the wing disconnect to store stations 3, 4, 6 and 7. These lines terminate in the
avionics bay. This claim could not be verified.

b. Yideg Lines - A video line is available at the store interface of stations 3, 4, 6, and 7
(Maverick certified stations). For the air-to-air stations (1, 2, 3A, 7A, 8 and 9), video is
available at the wing/launcher (adapter) interface. Given that 3 and 3A are mutually exclusive
(same for 7 and 7A), the video lines at the "A" stations could be utilized as a second line to
stations 3 and 7. The video line for station 5 now terminates in the aircraft near that store
station.

c. 3 Phase AC - Primary 3 Phase 115 VAC power is available at the store interfaces of
stations 3, 4, 6, and 7. Three phase power is available for station 5 at the ECM connector (see
iollowing comment on auxiliary power). For the air-10-air stations, one phase is available at
the interface to the launcher power supply. The other two phases are present near the
wing/launcher (adapter) interface.

d 28 YDC Power 10 A/Line - At stations 4 and 6, 28 VDC is present at the store
interface with a maximum current capability of 14.4 amps. Al stations 3, 7, and the air-to-air
stations, 28 VDC with maximum capability of 10.8 amps is available.

e. |ndependent Power Conirol - Power is presently swilched by discretes from ihe
Advanced Central Interface Unit (ACIU) on a station-by-station basis. AC and DC power are
controlled together.
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f. Audio - Audio lines are available at the store interface of the air-to-air stations.
These lines are used to feed the AIM-9 audio into the aircrait.

g. Multiplex 1553B - The 1553 Avionics Mulliplex (A-MUX) Bus is available at the
store interface of stations 3, 4, 6, 7 and at the fuselage pylons disconnect of station 5. MIL-
STD-1553 Weapons Mux (W-MUX) capability is available at the pylor. disconnect for the air-
to-ground stations and at the wing launcher (adapter) interface for the air-t0-air stations. The
ACIU has already been modified to support 1553 W-MUX protocol.

h. Interlock - Existing capabilities can be utilized to implement the interlock line.

i. Structure Ground - Structure ground is available at the store interface at all stations
except 5. For station 5, it is available at the fuselage pylon disconnect.

j. Release Consent - Safety considerations notwithstanding, a discrete from the Remote
Interface Unit (RIU) could be utilized for Release Consent.

k. Auxiliary 3 Phase AC Power - Three phase AC power presently utilized for centrol of
ECM pods is available at the ECM/Store interfaces for station 5, and at the ECM connector for
stations 3 and 7. Note that the power is not switched by the Stores Management System.

I. Auxiliary Interlock - Generally available.
m. Auxijliary Structure Ground - Available.

6.2.4 System Componenis affected by MIL-STD-176Q Initial studies of the implementation
requirements of 1760 showed that the affected F-16 C/D components are primarily in the
Stores Management System with a few other components in the Video Switch and Stores Standby
Power systems. The foliowing paragraphs provide general information on functions of these
three systems along with more detailed descriptions on the components within the systems.

6.2.4.1 Stores Management System (SMS) - The F-1€ C/D Advanced Stores Management System
shown as a block diagram in figure 6.5 performs the following functions:

Store identification, inventory, and status

Store activation and control

Store release, launch, and jettison

Stores sequencing and delivery rate

Verification of store and system integrity

Video switching and power control at the weapons stations

The SMS provides communication linkages between the pilot's displays, the weapon delivery
avionics, and the store station equipment. One-man delivary is facilitated by the multifunction
display panel which provides a display of store status and weapon delivery mode. This allows the
pilot 10 reprogram delivery options in flight through simple keyboard operations. The SMS
functions are initiated by pilot operated switches on the SMS Multifunction Display (MFD) or
the Integrated Control Panel (ICP) master mode panel, implementad by the Advanced Central
Interface Unit (ACIU) and accomplished by the Remote Interface Units (RIU).

The components of the SMS are listed below. Although not defined as part of the SMS, the
Launcher Electronics are integral to stores management and are included with the SMS
component descriptions for convenience. The functions and characteristics of these components
are described in the following paragraphs
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Advanced Centra! Interface Unit (ACIU)

Advanced Conventional Remote Interface Unit (ACRIU)
Advanced Missile RIU (AMRIU)

Nuclear RIU (NRIU)

JetlisorvRelease RIU (J/R RIU)

Weapons Multiplex Bus (W-MUX)

MIL-STD-1553 Bus

SMS Software

Launcher Electronics

6.2.4.1.1 Advanced Central Interface Unit (ACIU) - The ACIU performs the following functions:
Monitors switch actions from the cockpit
Monitors te condition of the stores
Creates commands filas in response 1o proper inputs
Outputs cruated command files via discretes, W-MUX Bus,
Avionics MUX Bus (A-MUX), and Display Mux Bus (D-MUX) .
Maintains store inventory
Performs system tests

The ACIU is informed of switch actions in the cockpit via discretes and digital data over the D-
MUX bus. Status information on the stores is received over the W-MUX from Remote Interface
Units. These inputs, when valid, resu.. in command files being built. Such outputs take on of the
following two forms; discretes output from the ACIU discrete 1/0 board, or messages sent out
over the A-MUX, D-MUX, or W-MUX. Commands intended to condition or release stores go out
over the W-MUX Bus. Commands intended to update displays or data at other avionics systems
are transmitted over the A-MUX or D-MUX busses. If these commands result in successful store
deployment, the ACIU then updates the stores inventory. The firmware which controls the ACIU
is the SMS Operational Flight Program (SMS OFP). Located in nonvolatile memory, the SMS OFP
implements the functions identified above. For a brief description of this program see paragraph
6.2.4.1.8. ACIU hardware consists ol redundant, symmetric processors which provide general
processing capabilities and interface with other elements of the SMS and the avionics system,
enabling control of the SMS. The ACIU directs the Remote Interface Units (RIU) to transmit
store control signals, and in tum receives currently updated store status from the station(s)
RiUs. These administrative functions are performed by a stores data processor through the
weapons multiplex interface element. The processor contains memory for the program and data
storage and input/output channels for signal transfer. Each of the ACIU microcomputer systems
consists of a stores data processor, 8 DMA RAM, a nonvolatile memory, MUX Bus interface
elements, and a fault monitor. The stores data processor consists of a microprocessor CPU and
the necessary processing control logic. The program memory consists of 48K byles of non-
volatile programmable memory. It is in this memory that the executable instructions of the SMS
OFP reside. The DMA RAM is 16K bytes of chared volatile random access memory (RAM), and a
DMA control capability. This memory is used for data storage and to buffer inputioutput to the
A-MUX. A fault monitor detects failures in each of the processors and reports these failures to
the other, so that if necessary, the good unit can take over all processing tasks. It monitors the
processor logic for things such as addressing errors, timing errors, clock errors, parity

errors, and power supply failures. The fault monitor also contains a loop error detection
capability to provide CPU or software error detection capabilities. The ACIU is positioned in the
forward equipment bay on the left side of the aircraft just forward of the cockpit. About 5000
in3 are available in the bay, occupied by radar, communications, and other miscellaneous
components in addition to the ACIU. Some volume (approximately 1000 in3) around the ACIU
appears available for limited expansion of the ACIU without having to relocate other equipment
(This conclusion has been reached after a physical inspection of the equipment bay).
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6.2.4.1.2 Advanced Conventional Remote interface Unit (ACRIU) - The ACRIU provides signals 1o
the store, reports status from the store, sends control sighals to the Video Switch and MALI-12,
and reports status from the MAU-12. Linked to the ACIU by the W-MUX Bus, the ACRIU outputs
ACIU commanded signals. These signals fall into two dlasses; discrete and analog. The discrete
signals are produced by swilch action. Two D/A converters provide the analog signals. in older
versions (F-16A/B CRIU) all of these signals serviced only the store and MAU-12, but as the
ACIU discrete O board became saturated, some of the ACIU controlied discretes were moved to
the ACRIU. These discretes include the control signals to the Video Swilch, Sel Video A and Sel
Video B. The ACIU sends commands to the ACRIU in the form of messages over the W-MUX Bus.
The ACRIU responds with a status word on the clock of the second GO/NO GO word. Using tnis
status word, the ACRIU reports the condition of the received command, the results of that
command, and the status of the store and MAU-12 (pylon ejector rack). One ACRIU is located at
each air-to-ground weapons station within the weapons pylons at stations 3, 4, 6 and 7 and
within the centerline pylon for station 5. Additiunal space in the weapons pylons near the
current CRIU locations is limited; however, some other weapons pylon areas offer available

y space should expansion of the ACRIU be necessary. This would, however, require allocating
ACRIU functions to multiple small packages. These areas are associated with the forward and aft
pylon fairings, the J907 and J917 receptable location, and the safety pin storage compartment
which offers the greatest volume, approaching some 430 in3. The centerline pybon is
considerably smaller than a weapons pylon although some space could be made available in the
forward and aft fairing areas and immediately aft of the ACRIU mounting structure. The weapons
pylons are interchangeable between stations 3, 4, 6 and 7 and contain both the ACRIU and the
Nuclear Remote Interface Unit (NRIU). The ACRIU must be removed from the centerline pylon
before an NRIU can be installed.

6.2.4.1.3 Advanced Missile Remote Interface Unit (AMRIU) - The AMRIU outputs control signals
to missiles, controls the conditioning signals from the launcher power supply, switches analog
feedback signals from the missiles, and reports missile status and the accomplishment of
requested actions. Linked to the ACIU by the W-MUX Bus, the AMRIU outputs control signals and
closes relays in response to ACIU commands sent in the form of data words. Using protocols
defined in paragraph 6.3.1.1.6, the AMRIU also returns status words to the AC!U. [n these status
words, the AMRIU reports the condition of the store and of received commands. The AMRIU is
located at stations 1, 2, 3A, 7A, 8 and 9 when these slations are configured for air-t0-air
weapons. The AMRIU is located in the extreme ait end of each missile launcher. The launchers at
stations 1 and 9 are boited directly to the tips of the wings. Launchers at stations 2, 3A, 7A and
8 are attached to launcher adapters. Unused space in the launcher is limited to a couple of inches
aft ot the AMRIU; however, the launcher adapter offers some possibilities for additional
hardware as the cutouts and fairings are empty except for an umbilical which passes through the
forward fairing.

6.2.4.1.4 Nuclear Remote Interface Unit - Nuclear RiUs can be installed at stations 3, 4, S5, 6
and 7, but are not necessarily carried during non-nuclear or training missions. Specifics on the
operation of these units, however, is beyond the classification of this document. The NRIU is
located in the aft portion of the weapons pylon, and interchanges with the ACRIU in the centreline
pylon.

6.2.4.1.5 JettisorvRelease Remote Interface Unit - Two J/R RIUs provide redundant stores
separation capability at stations 3, 4, 5, 6 and 7. Physically located on separate wings, the left
and right J/R RiUs are idantical in both function and structure. Each RIU interfaces with
Weapons Multiplex Bus, the Master Arm and Release Matrix Assembly, and store stations 3
through 7. The J/R RiUs tunction as digital switches. At the receipt of the proper release code,
the J/R RIU will close the addressed station relay(s) and enable the J/R Master Arm & Release
Power to energize (ie, enable Fire Cartridge Command discreta) the cartridge relay(s) in the
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pylon(s). This enables the firing of both cartridges in each MAU-12 pylon bomb rack. The
energy released from firing either of these cartridges is sufficient to jettison all stores on the
MAU-12. In additicn, the firing ot one cartridge will cause the sympathetic firing of the other.
Therefoie, cnly one J/R RIU needs to be functional to perforn the release function. The
switching logic which implements these functions is similar 10 that of the ACRIU. One J/R RIU 1s
located in the wing area immediately behind tha leading edge in the micsect:on of each wing.
Access to a J/R RIU requires the removal of a wing surfzce panei on the leading edge which is a
tedious process. The aircral manufacturer considers the J/R RiUs to be "permanentiy”
instalied.

6.2.4.1.6 Weapons Multiplex Bus - The W-MUX Bus (or Stores Management Mux Bus) provides
the serial digital data link between the ACIU and the RIUs and the ACIU and the stores. A
functional diagram of this data link is presented in Figure 6.6. The ACIV acis as Bus Controller
ang is capable of driving the four wire (eight wire for dual redundant) using MIL-STD-1553,
1553B or RIU MUX (dual simplex) protocois. Eight wires (four twisted shielded wire pairs)
are provided by the ACIU to communicate to the RiUs. These eight wires are connected to thirteen
RIUs via seven stalion matrices. Aiong with the eight transmission lines originating in the
matrices (for radundant dual-simplex operation), four additional wires are routed to the
AMRIUs and the ACRIUSs in the form of two twisted shielded wire pairs. Currently these wires
are terminated in the following disconnects: wing pylon disconnect (J812) at stations 3, 4, 6
and 7; wing launcher disconnect (J810) at stations 1 and 9; wing adapter disconnect (J811) at
stations 1, 3A, 7A and 8; and aircraft pylons disconnect (J237) at station 5. These wire pairs
provide for redundant 1553/1553B operation.

6.24.1.7 MIL-STD-1553 Capability - Bus Controllers in the ACIU support three data
transmission protocols; 1553, 1553B and W-MUX. There are, however, no 1553 remote
terminals currently in the RIUs The connection which links the 1553 compatible store to the
Weapuns MUX Bus consists of two twisted shielded wire pzirs (to provide dual redundancy).
These four links are coupled to four lines of primary dual-simplex bus. This coupling is
accomplished at the station matrices. For stations without a 1553 store, these coupled lines
lerminate at the wing connector. Additional MIL-STD-1553 capability is provided to store
station 3, 4, 6 and 7 by bringing the A-MUX transmission lines to the aircraft-store intarface.

6.2.4.1.8 SMS Soitware - The SMS Operational Flight Program (OFP) is a real-time computer
program which conlrols the selection, monitoring, conditioning, and release of stores on the
F-16 C/D. The SMS CT P also maintains store inventory and performs cerain ancillary
tunctions, most of which are designed to provide backup sysiem control in the event of a Fire
Control Computer (FCC) failure. Designed to operate in a dual processor environment, two
structually identical copies of the SMS OFP are provided to the ACiU. With one copy located
within the primary processor and uther within the backup processor, information is shared
betwesn the two pregrams via dua'-ported RAM. In the event of a primary processor failuze, the
backup processor wili assume control of the SMS using the second copy of the SMS OFP and the
data in RAM. Executicn of the SMS OFP is accomplished such that tasks which require definite
processing rates are run as groups at periodic rates. Tasks which do not require a defined
processing rate are run in the remaining time available between rate groups. The SMS OFP is
composed of the 14 components described below. These components can be grouped into the
fcilowing three categories: operating system components, applications components, and support
components. The operating system components interface the application tasks within the
hardware. Applications components perform the operational functions of the OFP. The support
components handle the anciilary tasks which are mosliy transparent to the funciional operation
of the OFP, but which are necessaiy in order for those functions to be implemented. An example
of such a tack would ~¢ maintanance of queues. Figure 6.7 illustrates the organization of these
14 components into these three calegories.
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STORES MANAGEMENT SET
OPERATIONAL PROGRAM

OPERATING SYSTEM
INTERFACE ERROR
INITIALIZATION EXECUTIVE CONTROL HANDLING
SUPPORT COMPONENTS
SMS DATA UTILITIES
CONTROL TRANSFER TEST
APPLICATIONS COMPONENTS
STORES
D"’é‘if‘v"g,{:{ STORES CONDITIONING BACKUP
ODE SELECTION AND PROCESSING
MONITORING
STORES STORES
ACCOUNTING RELEASE

FIGURE 6.7 SMS OFP Struciure
a Operating System Components

{1) Executive Compgaent - The Executive component schedules the execution of
application tasks and services interrupts and other computer-hardware related functions. This
component provides the primary interface between the application components, the
inputoutput, timing clocks, and error checking provisions of the computer hardware. It also
coordinates the operation of the Backup Processing component. The Executive maintains control
unless a system error condition is detected which prevents continuation of system operation. If
such an error condition occurs, control is returned to the Error Handling component.

(2) Ihe lnitialization Componint - After a power-on interrupt occurs, the
proper initialization (and testing, it not in the emergency jettison mode) ot both system
hardware and software is performed by the Initialization Component. Proper operation of both
processors is assured with a full range of ACIU tests. The ACIU master processor is initially
selected during initialization, the synchronization of the A and B processor operation is achieved
using the intercomputer interrup' in a command/response arrangement, and both system
execulives are initiated by the Initialization Component.
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(3) Eror Handling Component - The Error Handling component detects failure
indication from the power-down interrupt, the machine error interrupt, and Test component,
the Executive component, and the Initialization component. Upon detection, Error Handling
performs fault filtering, isolation, reporting, recording and recovery as required by the
particular fault.

(4) Interface Control Component - The Interface Control component supervises
the input-output via the serial digital multiplex buses, the discrete signals, and the analog
signals.

b. Suppor Components

(1) Utilities Component - This component provides common utility and testing
routines for shared use by the other components.

(2) Iest Component - The test component conducts self-test and built-in-test on
the SMS system. Self-test involves continuous, non-interruptive testing conducted during
normal system operations. Built-in test is operator initiated and is performed interruptively
or during normal system operation. Self-test is conducted on the non-volatile memory, the
Remote Interiace Unit (RIU) communications, the weapons bus controller, and the discrete
input/output boards. Built-in tests are conducted on RIUs and input discretes. Other CIU
elements are checked with hardware self-test featurss.

(3) Data Transter Component - The Data Transfer component provides double
buffering inputoutput service for all multiplex data flow between avionics subsystems and the
Stores Management Set Operational Flight Program. Additional tasks performed by this
component include formatting discretes and building the weapons multiplex bus controller's
command table.

(4) System Contro]l Component - The System Contro! component uses the SMS
mode, switch positions, and other indications to determine the tasks to be executed. This
component then invokes appropriate subroutine linkages to implement the selected mode.

c. Applications Components
(1) Stores Accounting Companent - The Stores Accounting component accepts and

records store quantities, types and locations. This component updates the current stores based on
inputs from the Stores Release component or operator intervention. This component also
provides the appropriate indication of the discrepancies betwgen the operator entries and the
allowed stores configuration.

(2) Stores Selection Component - The Stores Selection componeni provides the
selection for display and release of stores and stations in the emergency jettison, selective
jettison, dogfight, missile override, air-to-air zir-0-ground, and gun modes.

(3) Stores Conditioning and Monitoring Component - The Stores Conditioning and
Monitoring component provides the conditioning and monitoring of conventional weapons, special
weapons, and RiUs. This component aisa provides the states of the weapons for display.

(4) Stores Release Componant - The Stores Release component performs actions
required 1o emergency jettisor. stores on stations 3 through 7, selectively jettison all
appropriately selected stores, execute manual and automatic weapon releases, and maintain the
gun status.
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(5) Weapon Delivery Mode Component - The Weapon Delivery Mode component
determines the current system master mode and Stores Management Set subsystem mode. This
component determines the Fire Control Radar mode, the currently selected gun arming option and
weapon delivery profile.

(6) Ihe Backup Processing Component - The Backup Processing component
assumes responsibility for tasks normally performed by the FCC when the FCC is incapable of
performing them. Only tasks which provide essential self-defense and return-to-tase
capabilities are performed by the SMS. These tasks include monitoring the display management
switch to determine display selection, calculating reference altitude settings, providing source
control of the slew excitation, maintaining track assignments for target selections, and
determining status of the subsystems pointer to command the FCR to enable the acquisiticn
cursor.

6.2.4.1.9 Launcher Electronics - This paragraph describes the functional characteristics of the
units which compose the launcher electronics. These units include the Launcher Power Supply,
Aeriai Combat Maneuvering Instrumentation (ACMI) Pod Relay, and safety switch.

a Launcher Power Supply - The Launcher Power Supply provides the missile with
power and conditioning signals. By rectifying aircraft supplied 115 VAC, the Launcher Power
Supply provides both 25.2 VOC and 175 VOC to the missile. As for the control signals, they are
sourced by commands from the AMRIU. Unlike other store interface units, the Launcher Power
Supply has no direct data link to the ACIU. Other functions performed by the Launcher Power
Supply include the amplification of the missile audio signal.

b. AMCI Pod Relay - The ACMI Pod Relay, located in the missile launcher, controls the
audio signal to the intercom system. Sourced by a discrete from the ACMI Pod, the relay connects
either the missile audio or the ACMI Pod Audio 10 the intercom system.

c. Safety Switch - A Safety Switch outputs GAS GRAIN SQUIB 1o the missile and FIRE to
the AFT Strike Paint in the event that these signals are activated and the switch is enabled.

6.2.4.2 Stores Standby Power System - The Stores Standby Power System, (Figure 6.8)
provides a 115 VAC and 28 VDC power to all nine store stations. Power is provicad to the Stores
Standby Power System via the aircraft power buses. Control is accomplished using ACIU
controlled relays located in the Stores Standby Power Matrices (left half, LM, and right half,
RH), and the Nacelle Equipment Bay Power Panel. Additional relays, located in the Overcurrent
Protection Panel, provide overcurrent protection for the three phase 115 VAC at stations 3, 5
and 7. The components of the Stores Standby Power System are listed below.

Rigint Strake DC Power Panel

Right Strake AC Power Panel

Stores Standby Power Matrix-RH

Stores Standby Power Matrix-LH

Nacalie Equipment Bay AC/DC Power Panel
Overcurrent Protectiori Panel No. 1

6.2.4.2.1 Operation - Activation of the Control Ground discrete and any slation (1-9) by the
ACIU will energize the DC power relay in the Power Matrix, providing 28 VDC at the store
station. For stations 6, 7, 7A, and 9, these DC power relays are located in the right half (RH) of
the Stores Standby Power Matrix. The DC power relays for the rest of the stations (stations 1,
2, 3, 3A, 4 and 5) are located in the left half (LH) of the Power Matrix. Control of the station
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AC power is accomplished in the same manner as the DC power with the excepiions of stations 3,
5 and 7. Like DC, the AC power at stations 1, 2, 3A, 4, 6, 7A, 8 and 9 is directly controlled by
an ACIU enabled ground. For stations 1, 2, 3A, 7A, 8 and 9, these ACIU controlled relays are
located in the Naceile Equipment Bay Power Panel. The Stores Standby Power Matrix-RH
contains the ACIU controlled relays for the AC signals at station 6, and to the Stores Standby
Power Matrix-LH containing the station 7 ACIU controlled AC relays. However, the AC power at
stations 3, § and 7 are not directly activated by a control ground from the ACIU. Instead, they
are activated by a discrete which results from the ACIU control ground closing the station DC
power relay on the overcurrent signal in the Stores Standby Power Matrix. The resulling
signal, POWER ON CMD, is sent to Overcurrent Protection Panel No. 1, enabling AC power to the
Store Station.

6.2.4.2.2 Functional Description - All components of the Stores Standby Power System are
considered part of the Avionics Systems Affected (ASA) by the implementation of
MIL-STD-1760. The functional characteristics of these components are given in following
paragraphs.

a Right Strake DC Power Panel - The Right Strake DC Power Panel provides the DC
power for all nine store stations (including stations 3A and 7A). Power is taken oft two 28 VDC
buses (ESS & BATT) at the Right Strake OC Power Panel and routed to the Stores Standby Power
Matrices (LH and RH). At the Stores Standby Power Matrices the power is switched, by ACIU
controlled relays, between open and the store stations.

b. Bight Strake AC Power Panel - The Right Strake AC Power Pane! provides three phase
115 VAC power for stations 4 and 6. Power is taken off the 115 VAC Main Bus at the Right
Strake AC Power Pane! and routed to the Stores Standby Power Matrices (LH and RH). At the
Stores Standby Power Matrices the power is switched, by ACIU controlled relays, between open
and the store slations.

¢. Slores Standby Power Malrix-RH - The Stores Standby Power Maltrix-RH is
respensible for switching the 28 VDC power at stations 6, 7, 8 and 9, providing and switching
the three phase 115 VAC power at station 6, and providing the station 7 power control signals
\TRIP ENABLE and POWER ON COMMAND) to Overcurrent Protection Panel No. 1. All switching
in the Stores Standby Power Matrix-RH is controlled by the ACIU via control ground discretes
(STANDBY ARM).

d Stores Standby Power Matrix-LH - The Stores Standby Power Matrix-LH is
responsible for switching the 28 VDC power to stations 1, 2, 3, 3A, 4 and 5, providing and
switching the three phase 115 VAC power at station 4, and providing the station 3 power control
signals (TRIP ENABLE and POWER ON COMMAND) to Overcurrent Protection Pane! No. 1. All
switching in the Stores Standby Power Matrix-LH is controllec by the ACIU via control ground
discretes (STANDBY ARM).

e. Nacelle Equipment AC/DC Power Panel - The Nacelle Equipment AC/DC Power Panel
is responsible for providing and switching the three phase 115 VAC power 1o stations 1, 2, 3A,
7A, 8 and 9. This panel receives power from the 115 VAC ESS and non-ESS buses, switches it
via ACIU controlled relays, and then routes it direclly to the slore stations.

f. Qvercurrent Protection Panel No. 1 - The Overcurrent Protection Panel is
responsible for monitoring the station 3, 5 and 7 control signals (TRIP ENABLE and POWER ON
COMMAND) and providing three phase 115 VAC power to those stations when (1) POWER ON
COMMAND high, (2) TRIP ENABLE low, and (3) the 115 VAC current 1o the store station does not
exceed some preset bound.
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6.2.4.3 Video Switch System - The video switch (figure 6.9) is a reconfigurable network (via
swilches) designed fo link the video signal sourced at a store to the display eguipment in the
cockpit or 10 other stores. These stores include any video weapon or pod mounted at stations 1-9
(including 3A and 7A), the Navigation Pod mounted on the Right Hard Point (RHP), and the
Targeting Pod at the Left Hard Point (LHP). Acting only as a sink, the display equipment includes
the Programmable Display Generator (PDG) which is the video signal processor of the
Multifunctional Dispiay Set (MFDS), and the Head-Up Display (HUD). All switching in the video
switch is controlled by discretes from the ACRIU and the DEEU (Data Entry Electronic Unit).

6.2.4.3.1 Functional Description - The video switch consists of three buses (RHP, LHP and
PDG), nine ACRIU controtled switches, one ACIU controlled switch, and three DEEU controlled
switches. The nine ACRIU controlled switches are responsible for switching the store video
signals from store stations 1-9. As illustrated in figure 6.10, the ACRIU uses two discretes (Sel
Video A, Sel Video B) to toggle the store video signal switch between the following four states: (1)
off, (2) LHP Bus, (3) RHP Bus, and (4) PDG Bus. The ACIU controlled switch is responsible for
linking the RHP (Target Pod) with the RHP Bus. Using one discrete (Sel Video RHP), the ACIU
enables and disables the video link between the RHP bus and the RHP (Target Pod). The DEEU
controlled switch to the RHP (Target Pod), these two mutually exclusive states are: (1) HUD,
and (2) PDG. At the LHP (Navigation Pod), one switch connects the LHP to the LHP Bus or the
HUD, and the other switch links the LHP to the PDG or LHP Bus. Elements of the Video Switch are
described below:

a Left Wing Video Swilch - The Left Wing Video Switch houses the slore video swilches
for stations 1, 2, 3, 3A and 4. Controlling these switches are five pairs of discretes from the
corresponding station RIUs. Depending upon the state (that is, open or ground) of these two
discretes, the store video switch will connect the store video 10 one of the following: (1) Open,
(2) PDG Bus, (3) LHP Bus, or (4) RHP Bus. Figure 6.11 illustrates this switching scheme.

b. Right Wing Video Switch - The Right Wing Video Switch houses the store video
switches for stations 6, 7, 7A, 8 and 9. Controlling these switches are five pairs of discretes
from the corresponding RIUs. Depending upon the state of these two discretes, the store video
switch will connect the store video to one of the following: (1) Open, (2) PDG Bus, (3) LHP Bus,
or (4) RHP Bus.

c. Central Video Switch - The Central Video Switch houses the station 5 ACRIU controlied
store video swilch, the ACIU controlled RHP video switch, and the DEEU controlled RHP/HUD,
LHP/HUD and LHP/PDG switches. The station 5 store video switch provides station S video to the
LHP, RHP, and PDG buses by the same control process described above for the other switches.
The LHP video switch toggles the Target Pod video between the HUD and RDG. Control of this
swilch is provided by the DEEU enabled dizcrete LHP/HUD VIDEO SELECT. The other two DEEU
enabled switches control the distribi .or « * he Navigational Pod Video. The RHP/HUD switch
toggles NAVIGATION POD VIDEO betw2e-  ~ HUD and the RHP Bus, and the RHP/HUD switch links
NAVIGATION POD VIDEO to either the +.J_ ... 3HP Bus.

d PDG Bus - The PDG Bus prz  4es a video link from all of the store video switches
(located in the Left Wing, Right Win., anid Zentral Video Switches) to the PDG.

e. LHP Bus - The LKP Bus provides a video link from all of the store video swilches
(located in the Left Wing, Right Wing, and Central Video Switches) to LHP/HUD and LHP/PDG
switches in the Central Video Switch. As illustrated in figure 6.11, the LHP Bus can
accommodate store-to-store video.
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FIGURE 6.9 Video Switch Functional Diagram
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f. BHP Bus - The RHP Bus provides a video link from all of the store video swilches
(located in the Left Wing, Right Wing, and Central Video Swilches) to the RHP video switch in the
Central Video Switch. Like the LHP Bus, the RHP Bus can also accommodate store-10-store video.

6.2.4.3.2 Block 25 Configuration - The Block 25 F-16 C/D only parially utilizes the capacity
of the Video Switch. Stations 3, 4, 6 and 7 (Maverick Certified Stations) are the only switches
which are fully video capable. As for the other stations, the air-to-air stations have wiring
provisions for video, but station 5 (the centreline station) does not. Stations 2, 3A, 7A, and 8
have a video line and the two video control lines (SEL VIDEO A & SEL VIDEO B) out to the
adapter/launcher disconnect. At the Winglip air-to-air stations, stations 1 and 9, three lines
terminate at the wing/launcher disconnect. A summary of the video switch functions in Block 25
aircraft is as follows:

Weapon Video from stations 4, 5, 6, or 7 to the MFDS
Navigation Pod Video from the RHP to the MFDS

Target Pod Video from the LHP to the MFDS

Navigation Pod Video from the RHP to the HUD

Target Pod Video from the LHP to the HUD

IR Maverick Video from stations 4, 5, 6, 7 to the Target Pod

Note that these operational configurations of the Video Switch are a function of both the partial
implementations of the switch in the F-16 C/D and current store requirements.

STORE / POD’
VIDEO
o 28 VDO—— j{ 23 :
STATION 9 CONTROL DISCRETE A : . ;
RIV .

] CONTROL DISCRETE @

PDG BUS
™ (vo wros)
- RAHP BUS

- LHP BUS

I'd

STORE / POD:

D VIOEO .
+ 28 VDG

STATION 7 pEoNTROL °'s@“‘§ J—§ 'j

RiV Wne 0

.............................................

FIGURE 6.10 F-16 Video Control
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6.3 IMPLEMENTATION BEQUIREMENTS Two overall requirements imposed on the 1760
implementation Case Study which particularly influenced the study results were: to make
maximum use of existing equipment, and accommodate both the current and future stores defined
for the F-16 C/D. The first requirement forces a designer 1o augment the existing aircraft
configuration with a 1760 capability rather than develop a new independent approach. The
second requirement necessitated a dual capability at each store station. This resulted in a
number of engineering compromises. From a comprehensive review of the store loadouts and
associated control requirements presented in paragraph 6.2.2, it was determined that a Class 1A
interface was required at stations 3, 5, and 7, a Class | interface at stations 4 and 6, and a Class
Il interface al the air-10-air stations. The major system modifications found to be required to
implement the desired capabilities are listed below:

a. Provide redundant MIL-STD-1553 digital buses to the ASIs at the air-to-air stations

b. Provide two RF lines (HB1 and HB2) to the ASI at each air-to-ground station and one
RF line (HB1) to the ASI at each air-to-air station

¢. Provide a second video line 1o the ASIs at stations 4, 5, and 6
d Provide a single video line 1o the AS!s at the air-to-air stations

e. Provide the second and third phases of the 115 VAC to the ASIs at the air-to-air
stlations

f. Provide a second 28 V, 10 A DC source to all ASIs (total of 20 A/station)
g Provide independent AC and DC power control to all ASls
h. Provide 28 VDC auxiliary power to the ASls at stations 3, 5, and 7

i. Provide 1760 compatible signals currently routed to the existing ASls 1o each 1760
interface as required

j. Physically locate the primary and auxiliary 1760 connectors at the station 3, 5, and
7 ASls; and the primary connector at all other ASls

k. Provide the additional ACIU software to control MIL-STD-1760 stores and to
implement the changes in the Operational Flight Program required by the suggested modifications

1. Provide additional ACIU hardware to support the exira processing load and modified
MIL-STD-1553 hardware

6.3.1 Discussion of Required Madificalions. The following paragraphs provide an approach to
the implementation of a MIL-STD-1760 capability in the case study aircraft, which fulfill the
twelve requirements defined above in paragraph 6.3. In consonance with design constraints,
current and planned MIL-STD-1760 provisions by the F-16 prime contractor were used to the
maximum extent possible. Figure 6.12 shows the configuration of MIL-STD-1760 interface
classes which will be implemented at each of the F-16 weapon stations in this case study.
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AIRCRAFT STATIONS

MIL-STD-1760
INTERFACE CLASSES

CLASS |

CLASS A

CLASS 1l

CLASS §a

FIGURE 6.12 F-16 Case Study Configuration of MIL-STD-1760 Interface Classes

6.3.1.1 Modification #1: Provide Redundant MIL-STD-1553 Digital Buses to the Aircraft
Station Interface (ASI) at the Air-10-Air Stations - A MIL-STD-1553 capability could be
provided by either extending the A-MUX or W-MUX out o the air-to-air stations. While there
are advantages to extending the A-MUX, particularly relative to control of AMRAAM, long-term
considerations favor the W-MUX. The W-MUX in the F-16 C/D is a four wire system which
cumrently supports three communication protocols, including MIL-STD-1553. Therefore
compliant twisted-shielded pairs require to be run from the W-MUX station matrices, through
the wing pylon disconnects, out to the respective ASIs for s\ations 1, 2, 3A, 7A, 8 and $. The
15538 lines have already been taken from the station matrices to pylon disconnects for the air-
to-ground stations. Figure 6.13 indicate the changes (dashed lines) required to provide 15538
capability to the air-to-air ASIs. It should be noted that the MUX lines in the Station Matrix
primarily serve as two of the four lines required for the GD dual simple W-MUX. Any analyses
of bus utilization, therefore, will have to include current W-MUX traffic. The dual simplex
sysiem will continue to be used to command state transitions in the RIUs. Two other points are of
significance: (1) the 15538 lines are transformer coupled to the W-MUX inside of the Station
Matrix such that the extension to the AS! is a legitimate stub; and (2) the ACIU Bus Controller is
capable of dual simplex, GD 1553 and 1553B protocols so that hardware modifications, other
than extending the stub 1o the ASI, should not be required.

TABLE 6.1 Location of W-MUX Station Matrices

Station Location of W-Mux Station Matrix
STA182 Left wing behind flap seal 5425
STA8&9 Right wing behind flap seal 5429
STA3 Left wing behind flap seal 5429
STA7 Right wing behind flap seal 6430
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Some potential issues associated with this modification include: (1) shortages of ACIU
processing power/memory; (2) software (OFP) modification/verification capabilities; and (3)
availability of space in the current wing disconnects to route the 1553 buses.
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6.3.1.2 Modiiication #2: Provide Two RF Lines (HB1 ang HB2) at the Air-to-Ground ASls and
One RF Line (HB1) at the Air-to-Air ASls - MIL-STD-1760A requires two 50-ohm RF lines
(HB*, 20 MHz - 1.6 GHz and HB2, 20 Hz - 20 NiHz) for Class | interfaces, and one RF line
(HB1i, 20 MHz 10 1.6 GHz) for class 2 interfaces. These cover the requirements for air to
ground and air to air respectively At this time, eight provisioning RF lines are in the F-16
C/D. These lines extend from the aft equipment bay o the wing disconnects at stations 3, 4, 6
and 7 (two lines per station). The modifications will extend these eight lines from the wing
disconnects to steiions 3, 4, 6 and 7, and two additional 50-ohm lines run from the aft
equipment bay to the AS| at station 5. A single 1.6 GHz, 50 ohm line would run from the af
equicment bay to each of the four air-to-air ASIs. An RF switching capatiiity would be installed
in (or near) the aft equipment bay to provide MIL-STD-1760 recommended connectivity; that is
a simultaneous transfer of one Type B signal and two Type A signals between ASls and internai
aircraft equipmsnt, plus one Type A signal between any two ASls. Switches would he controlled
by discietes generated locally by an KT/Logic Unit added ‘o the W-MUX. Figure €.14 is a
functional depiction of an alternative switching network for providing the RF connectivity
recommended by MIL-STD-1760. As a matter of fact, it will provide slightly more capability
than required by 1760 in that it includss the option of a third simultaneous 50-ohm, 20 MHz
connection o aircraft subsystems. This switching matrix would be packaged as a Lingle unit and
housed in the aft equipment bay. Running from the switching unit would be two 50-ohm lines to
each air-in-ground slation (HB1 and HB2) and one S0-ohm line (HB1) to each of the air-to-air
stations. Two types of swilches are requirza in the switching unit. This is because of differences
in the electrical characleristics between HB1 ang HB2. Figure 6.15 illustrates a switch which
is suitable for Type A (20 Hz - 20 MHz) signals. As indicated in the figure, HB2 lines have
access ¢ three irdernal buses, plus a characleristic /mpedance terminatizn. Two ciscretes are
required, therefore, to control the four possihle states. In this aiternative, these discretes are
genarated by the station RIU in response to a ClU command on the W-MUX -- in a manner
analogous 10 the way viden switching is currently performed. The Type B, 1.6 GHz signal lines
cannot be treated so casually. The insertion lcos, transmission loss and fideiity requirements of
this signal make switching much more difficult. It can be assumed, however, that HB1 can be
effectively switched to a transmission line network serving Type B signal users, to any one of the
three networks serving Type A signal users, and to a characteristic impedance termination -- or
five states. It can also be assumed, then, that three discreics would be required 0 Zontrol each
H31 switch. Under this allernative these discretes would be provided by the station RIUs.

Figure 6.16 illustrates the wiring changes required to img!ement this central switching scheme.
As shown in this figure, it requires extending the two provisionary RF lines out to the ASI at
stations 3, 4, 6, and 7, running HB1 and HB2 from the aft equipment pay out to tne ASI at the
air-to-air stations, and providing the fcur HBW lines to the avionic equipment. This
implernentation has several advantages: (1] swilches are centrally lccated which would reduce
instal'ation and maintenance costs: (2) switches ca". be consolidated and line lengths kept
elechivai's short; and (3) the 1.6 GHz (HB1) liies could ba configured to enable essentially
point-to-point transmissions, allevialing VSWR and unnecessary insertion tost prob'ems.
Switching is controlled in this design by ciscretes generated by the RIUs. These discreles would
be generated by an RT/Logic unit connected to the W-MiJX. The entire assembly waule b:
physicilly ahached to the swilching unit. A potential disadvantage i the requirement for
physical space in tha al equicment bay for the RT/Logic unii and e requwvement for a dedicated
RT 1553 adJdress. Potential issues associated with implementation of this cesign include:

a Availabiiity of space in the a% equipment bay to implement the swiching matrix

b. Availability of additional discretes (Five each trom the CRIUs and thrge each from the
MFIUs)
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FIGURE 6.14 Centralized High Bandwidth Switching Network
c. Availability of space in air-to-air station wing disconnectors for the additioral
discretes

d Availability of space in the station 5 fuse'age disconnect to accommodate the three
additicnal discreles and two additionatl RF lines

e. Routing of HB1 lines and discretes from the air-to-air stations ' the alt equipment
bay may require deskinning the aircraht

f. Selection criteria for switching elaments

g Yechnoiwgy 10 meet 1760 1.6 GHz signal transfar requiremen’s
h. OUFP Software modificaticits

i. Availability of RT addresses

i~ Metwark costs; particulaily for seaminary unneeded capability
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An alternative to the selected approach which was rejected, but is something to track, is to
employ Frequency Division Multiplexing (FOM) techniques. This aliernative would be to install
a single 50 ohm line from each ASI to the aft equipment bay to accommodate the 1.6 GHz signals,
along with a FDM to provide the required connectivity for the 20-MHz lines. The FOM scheme
would serve as a medium for transmission of the Type A signa's HB2, HB3, and HB4. HB1 would
be handled as in Alternative 1. There is significant work being done in this area, particularly in
conjunction with the high bandwidth/low noise possibilities available t.ocm fiber optics. It is not
felt, however, that this technology is sufficiently mature to be a viable alternative at this time.

6.3.1.3 Modification #3. Provide a Second Video Line to the ASIs at Stations 4, 5, and 6 - To
satisfy the requirements of a MIL-STD-1760A Class | interface, two 75-ohm, 20 MHz (HB3,
HB4) lines must be provided at an Air-to-Ground ASI. The currently planned F-16 C/D 1760
configuration provides these two lines at stations 3 and 7, but only a single line at stations 4, 5
and 6. This modification carries existing provisions to the ASI and adds the additional lines to
stations 4, 5, and 6. Video lines would be run from the station 4 ASI| to the Right Video Switch,
tha station 5 AS! to \he Central Video Switch, and from the station 6 ASI to the Central Viceo
Switch. Control would be provided by discretes generated by ‘he RT/Logic unit added to the W-
MUX. One additional relay would be added to each swilch matrix. Figure 6.17 illustrates the
implementation of the additional video line at stations 4, S, and 6. In addition to the indicated
video lines and control discretes, one switching element would also have to be installed in each of
the axisting three video switches (Right, Left, Central). Figure 6.18 illustrates ihis video
switching unit. The discretes to switch both the added and existing video lines would be generated
b, an RT/logic unit on the W-MUX, possibly the same unit providing discretes for switching the
RF lines. This approach is illustrated in figure 6.19 and was previously identified in the
discussion of Modification 6.3.1.2. The advantage of this approach is that it is adaptable to future
growth and eliminates the requirement for new (and some existing) discretes from station RIUs.
The disadvantage is that modifications are being made to existing flight-qualified hardware and
software. This couid be difficult to justify, but the alternative of control being provided
partially from station RiUs and partially from the added RT/Logic unit would be unacceptable.
The major issues (associated with this approach) are availability of space for routing the
control giscretes from the RT/Logic Unit (probably in the aft equipment bay) to the Left, Right
and Central switching units, and avalilability of an RT address. Other issues include:
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a OFP modifications

b. Bandwidth of existing video lines, that is can they meet the requirements of HB3 and

HB4

c. Space to route the additional video lines and control discretes through the

pylons, the wing disconnects

d. Compatibility of 1760, 75-ohm system with the current F-16, 96-ohm

video system

e. Definition of existing video system
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FIGURE 6.17 Second Vioeo Lire to STAs 4, 5, and 6 1760 ASls
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FIGURE 6.18 Functional Representation of a Video Switching Unit (Element)
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Note: Design also requires one additional pair of discretes between the WMUX RT
and Central Video Switch (STATION § VIDEO A SEL 1 & 2), five additional discrete
pairs between the MUX RT and Left Video Switch (STATION 1 VIDEO SEL 1 & 2,
STATION 2 VIDEO SEL 1 & 2, STATION 3 VIDEO A SEL 1 & 2, STATION 3 VIDEO B
SEL 1 & 2, STATION 4 VIDEO SEL 1 & 2), and five additional pairs of discretes
between the WMUX RT and Right Video Switch (STATION 9 VIDEO SEL 1 & 2,
STATION 8 VIDEO SEL 1 & 2, STATION 7 VIDEO A SEL 1 & 2, STATION 7 VIDEO B
SEL 1 & 2, STATION 6 VIDEO SEL 1 & 2) to control existing video lines.

FIGURE 6.19 Video to Siations 4, 5, and 6
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6.3.1.4 Modification #4: Provide a Single Video Line to the ASls at the Air-to-Air Stations -

This modification would provide the required video capability for a Class Il Interface at stations
1,2, 3A, 7A, 8 and 9. The required change will be to connect a 75 ohm, 20 MHz line from the
video switch to each of the ASI. This is a simple modification which extends existing video lines

to the 1760 ASI.

Figure 6.20 functionally illusirates routing of these video provisions. The

existing video provisions are located as follows:

STATION  CONNECTOR LOCATION

STA 1 J528 Left wing wiring harness (See Note)
STA2 J528 Left wing wiring harness
STA3A Js521 Left wing wiring harness
STA7A J621 Right wing wiring harness
STA8 Jaii Wing/Pylon disconnect
STA9 J628 Right wing wiring harness
Note: The wing wiring harness is located in the center of the wing behind the leading edge fiap.
STATION STATION 3
1760 ASI WING OISCONNECT
STATION 1
YIDEO
---------------------------- 2
STATION 2 STATION 2
1760 ASI WING DISCONNECT
STATION 2
........... [........0e0 1
J-811 J-528
STATION 3A STATION 3A
1760 AN WING DISCONNECT
STATION 3A
VIDEO
r ............................ 1
J32
STATION TA STATION 7A
1760 ASI WING DISCONNECT
STATION 7A
ceecrraen 4 ceseeaaVIDEO
1
J821
STATION 9 STATION ¢
WING DISCONNECY 1760 ASI
STATION » STATION ¢
ONNECT 1760 AS

J-52¢

J-611

FIGURE 6.20 Routing to Stations 1, 2, 3A, 7A, 8, and 9 1760 ASls
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The discretes which control video switching would be provided by an RT/Logic unit on the
W-MUX Bus. This coukd, but would not have to be, the same RT/Logic unit used to control the RF
network. The existing discrete provisions are located as follows:

STATION  CONNECTOR  LOCATION

STA1 J527A Left wing wiring hamess
STA2 J527A Left wing wiring harness
STA3A J519A Left wing wiring hamess
STA7A J627A Right wing wiring harness
STAS8 J627A Right wing wiring harness
STAS J627A Right wing wiring harness

Figure 6.21 illustrates the routing of these discretes. The advantages to this altemative are that
it is technically simple and uses existing provisions to the maximum exteni. The disadvantage,
again, is that an existing, certified capability will have 10 be abandoned if RF/Video controls are
consolidated and care will have to be taken to avoid cross talk from RF to Video. implementation
issues are the availability of space to implement the RT/Logic Unit and to route the appropriate
discretes 1o the video switches, the difference in the characteristic impedance of the current
video lines (95 ohms), and the MIL-STD-1760A requirement for 75 ohms, 20 MHz lines.

STATION 1 STATION 1
MMy WING OISCOMNECT
prwsvonvosoed — |ewsorovoss 2 STATION : VIDEO sEL 1
.................. 3 STATION 1 VIDEO ®£L 2
4802 4810 JO27A
STATION 2 STATION 2
MR WBNG OISCONNECT
. STATION 2 WDED SEL 2
.................... 5 STATION 3 W1DEO SEL 1t
4802 J0t JS27A
STATION 3A STATION 3A
MRy WING  DISCONNECT
) o ATION 3A VIDEO SEL 3
brerevrven d  Feeoreaad ¢ S voto st
XY} J62TA
STATION 7A STATION TA
WING OISCOMMECT MRIV
STATION /AVDEO SEL 2} I ...
STATION 7A VID€0 B&L §
.....................
JO10A
STATION 8 ATATION 8
WING DISCONNECT MRIY
STATION § VIDEO SEL 1 .
...................
STATION 8 VIDEO SEL 2 |
§ Jercscsosed = lecsseccsss r
JE2TA Je Jsez
STATION ® STATION §
WING DISCONNECTY MR
STATION o sEL 7
STATION € VIDEO B€L 2 " “1 et 1
3  Jecoreserod r ..........
J827A Je10

FIGURE 6.21 Routing of Video Switch Discretes to Stations1, 2, 3A, 7A, 8, and 9 MRIUs
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6.3.1.5 Modification #5: Provide the Second and Third Phases of 115 VAC to the ASIs at the
Air-to-Air Stations - Three phase AC currently extends to existing connectors near each store
station. For the air-to-air stations, however, only a single phase is carried through to the ASI.
This modification would provide the second and third phases by running the two wires, currently
terminated in a provisioning connector within the aircraft, out to the station ASIs via the wing
pylon disconnect. As indicated in figure 6.22, Modification #5 requires running two wires (per
station) from the provisioning connectors listed below through the wing/pylon disconnect
connectors (also listed below), and on 10 the ASI. The provisioning connectors are all located
within the wing near the disconnects.

STA1 J529 J610
STA2 J530 J611
STA3A J622 J611
STA7A J622 J611
STAS8 J630 J611
STA S J629 J610

Issues associated with adding the 115 VAC power phases are related to space in the air-to-air
wing-pylon disconnect connectors. Another potential issue, which is equally associated with DC
provisions, is whether or not a more sophisticated power management system may be required to

prevent overloading existing aircraft circuits.
STATION 1 STATION 1

1780 _AS| WING DISCONNECT
ooooooooooooooooooo 1 STAKDBY AC ©C
---------------------- 2 STANOGY AC C8

3810 3520

STATION 2 STATION 2

1760_ASI WING DISCONNECT
--------------------- 1 STANDBY AC OA
....................... 2 STAuDeY AC oc

Jen 4530
STATION 1A STATION 3A
1760 _ass WING DISCOMNECT
.................. 2 STANDBY AC 08
s I AESPRRSIS 1 STANDSY Ac 8¢
Je11 3822
STATION TA STATION TA
WING DISCONNECT 1760 AS)
STANDBY AC B4 1 fecceeraeen ) ceee )
STANDBY AC 08 2 .
e 622
STATION § STATION
WING DISCONNECT 1760 ASI
STANDBY AC OC 1 U A L gy
STANDBY AC OA
I P 1 L eoeeenennd
1830 Jet
STATION ¢ STATION #
WING CISCONNECT 1760 ASI
STANDBY AC 98 ra I
STANDBY AC 8C 2 . )
Je20 3610

FIGURE 6.22 Routing of Second and Third 115 VAC Phases to Stations 1, 2, 3A, 7A, 8, and 9
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6.3.1.6 Modification #6: Provide Second 28 VDC 10 A Source to All ASIs (total of 20 A per
Station) - MIL-STD-1760 requires two independently controlled 28 VDC power sources at each
ASI (total of 20 amps). The current aircraft configuration features a single 10-14 amp source
at each station. There is an indication, however, that the circuit breaker setting is an arbitrary
one and that a second 10-amp 28 VDC source could be provided by adding another line and
changing the circuit breaker. It appears from a review of available information that the total
current limitation of 14.4 amps at the air-to-ground stations and 10.8 amps at the air-10-air
stations are due lo circuit breaker limitations. it is assumed, therefore, that to provide the
needed 20 A of 28 VDC to 1760 interfaces simply requires implementing higher current circuit
breakers.

6.3.1.7 Modification #7: Provide Independent AC and DC Power Control at all ASlIs - Power (o
ASls is currently applied through relays in the Store Standby Power Matrices. Relays are
controlied by discretes directly from the ACiU. AC and DC are applied simultaneously. Earlier
modifications would provide the second and third phases of AC and a second DC source. This
modification would provide independent control of 115 VAC, 28 VDC 1, and 28 VDC 2. The
recommended design would be 10 swilch the AC and DC power independently in a swilch box
located in the pylonflauncher using discretes from the station RIU to control switches. The
relays providing the power switching would be packaged in a unit which is phys«cally located
near the station RIU in the pylon. Using the switching scheme currently employed, the number
of swilching elements in this unit would be: four for stations 3, 5, and 7, (two for 28 VDC power
one and two, one for 115 VAC power, and one for AUX AC); and three for stations 4 and 6, the
air-to-air stations (two for 28 VDC power one and two, and one for 115 VAC power). Five
discretes from the station RIU would be needed 1o control power to the ECM certified (3, 5, and
7) stations; the air-to-air stations, and stations 4 and 6 would need three each. The advantages
of this alternative are as follows: (1) all changes take p!ace in the pylon or launcher, (2) no
existing aquipment is modified, and (3) an existing RT on the W-MUX is utilized and, therefore,
another subscriber 1o the W-MUX is not required. The major issues are space in the pylons
and’or launchers, and availability of required RIU generated discretes.

6.3.1.8 Modification #8: Provide 28 VDC Auxiliary Power 10 the ASls at Stations 3, 5 and 7 -
it was indicated earlier that a Class | interface should be implemented at the air-to-ground ASls.
It is further suggested that Class IA interfaces be implemented at stations 3, S and 7. This means
28 VDOC and 115 VAC auxiliary power must be available at those stations. Three phase 115 VAC
is already planned so this modification would implement a single 28 VDC, 30 amp source at
stations 3, 5, and 7. An additional power relay off the DC feed bus also would be added. Control
would be provided by discretes generated in the respective RIUs or by the RT/Logic unit which
has been suggested as one of the alternatives for controlling the RF and video lines. An analysis of
the power system needs to be conducted in order to assess the ability of F-16 to generate the
additional power required to p:ovide auxiliary 28 VDC interfaces at stations 3, 5, and 7.
Therefore, recommendations regarding this alternatives are TBD pending a complete power
system analyses which is not within the current scope of this study.

6.3.1.9 Modification #9: Provide 1760 Compatible Signals Currently Routed to the Existing
ASls to each 1760 interface as required - A number of electrical signals currently being used to
control stores through the existing conventional interface are applicable to the 1760 intertace
as well. This modification would provide the necessary splices 10 make these signals available to
the 1760 ASI. Table 6.2 lists the signals currently available at or near the existing connector at
the wing air-to-ground stations which are 1760 compatible. Presented along with the

currently assigned name of each signal is its use in the 1760 signal set. Also shown are the
origins and destinations of the signal in the pylon, the means by which this signal could be
provided to the 1760 ASI, and the stations at which the description applies. Tables 6.3 and 6.4
present the same information for the air-to-air and centerline air-to-ground stations.
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TABLE 6.2 F-16 Compatible Signal at Wing A/G Stations (Stations 3, 4, 6 & 7)

J813

F-16 SIGNAL] 1760 SIGNAL] ORIGIN DESTINATION | STATIONS | JUNCTION PROCEDURE
Video A High Wing Disc Store Disc | 3/4/6/7 | Replace wire with Y
Bandwidth 3 |J812 Jo07 junction. Connect
single-sided end in the
Wing Disc (J812) and
conventional connector
(J907) and 1760 ASI.
Video B High Wwing Disc Store Disc 3/7 Same as High Bandwidth
Bandwidth 4 {J812 J907 2
Option 7 Release RIU Disc Store Disc 3/4/6/7 | Replace wire with Y
Consent PS02 J907 junction. Connect
single-sided end in the
RIU Disc (P992) and
the two sides of the Y in
the conventicnal
conneclor (J907) and
1760 ASLI.
Gd Interlock Wing Disc Store Disc 3/4/6/7 | Splice off GND/NEUT
Return J812 Joo7 wire in the pylon.
J813 Status 2 Excitation
voltage is referenced lo
the Ground.
Status 2 Interiock Store RIU Disc 3/4/6/7 | Replace wire with Y
Disc Pg02 junction. Connect
J907 single-sided end in the
conventional stroe dist
(J907) and two sides o
the Y in the RIV
connector (P902) and
1760 ASI.
Gd Structure Wing Disc Store Disc | 3/4/6/7 | Splice off Structure
ad J812 Joo7 Ground in the pylon.
J813
Gnd/Neutral | Power 1 Wing Disc Store Disc 3/4/6/7 | Splice off
Return J812 J9o7 Ground/Neutral in the
J813 pylon. Ground and
Neutral are tied
i together in the pylon.
Gnd/Neutral | Power 2 Wing Disc Store Disc 3/4/6,7 | Same as Power 1
Return J812 J907 Return
J813
Gnd/Neutral | 115V AC Wing Disc Store Disc 3/4/6/7 | Same as Power 1
Neutral J812 J907 Return




TABLE 6.2

F-16 Compatible Signal at Wing A/G Stations (Stations 3, 4, 6 & 7) - continued

F-16 SIGNAL

1760 SIGNAL

ORIGIN

DESTINATION

STATIONS

JUNCTION PROCEDURE

Status 3

Aux Interlock

RIU Disc
P302

Store Disc
J907

3/7

Replace wire with Y
junction. Connect
single-sided end in the
RIU disc (P902) and
the two sides of the Y in
the conventional
connector (J907) and
1760 ASI.

d

Return

Aux Interlock

Wing Disc
Jg12
J813

Store Disc
J9O07

3/7

Same as Interlock
Return

Return

Aux Interlock

Wing Disc
J812
J813

Store Disc
J907

3/7

Same as Slructure
Ground

Low
Bandwidth

Wing Disc

Store Disc

3/4/6/7

Replace wire with Y
junction. Connect
single-sided end in the
wing disc. The two
sides of the Y go to the
conventional conneclor
and fo the 1760 ASI.

A-Bus

Mux A

J812

3/4/6/7

Run twisted shielded
wire pair from A Bus id
wing discennect to

1760 ASI
(J812/J813)

B-BUS

MUX 8

J813

3/4/6/7

Run twisted shielded
wire pair from B Bus
in wing disconnect to
176C ASI
(J812/./'813)

TABLE 6.3 F-16 Compatible Signal at Wing A/A Stations (Stations 1, 2, 3A, 7A, 8, & 9)

F-16 SIGNAL |i760 SIGNAL | ORIGIN DESTINATION| STYATIONS |JUNCTION PROCEDURE
28 VOC 83 RELEASE MRIV DISC | -----" 1. 2. 3A, 7A,| Run dedicated wire from MRI Disc to
CONSENT (P8018) (SPARE) 3 1760 ASI.
GND STRUCTURE | WING DISC] PWR SuPpLY 1. 2, 3A, 7A, | Splice off Structure Ground in the
GND (J810) 0I15C (P1) 59 Pyton.
MSL PRESENT|INTERLOCK | MRIU DISC | MISSILE DISC{ 1, 2, 34, 7A, | Replace wire with Y-junction. Terminate
(PBO1B) {J818) 8, 9 single~eided end in the NRIU Diec
(P$018) snd the two sides ol the ¥ In
the Launcher / Missily disconnect (J815)
and 1760 ASL
GN / NEUT POWER 1 RTM WING DiSC| PWR SLPPLY 1, 2, 3A, 7A, | Splice ot GND / NEUT in the pylon.
{4810} DISC (P1) ')
GND / NEUT |POWER 2 ATH WiNG DISC| Pwa suppLY | 1. 2, 3a, 74, |Bame as power 1 RTN.
(J810) DISC (P1) s 0
GND / NEUT [118 vAC WING DISC| PWR SUPPLY 1, 2, JA, 7A, | Same as power 1 RTN.
NEUT (J810) DISC (PY) s




TABLE 6.4 F-16 Compatible Signal at Centerline Station (Station 5)

F-16 SIGNAL] 1760 SIGNAL | ORIGIN DESTINATION JUNCTION PROCEDURE
A-Bus Mux A Fuselage Disc Run twisted shielded wire
J237 pair from Mux A Bus Stub 1o
the fuselage disc (J237) to
the 1760 ASI
B8-Bus Mux B Fuselage Disc Run twisted shielded wire
J236 pair from Mux B Bus Stub
to the fuselage disc (J236)
fo the 1760 ASI
Option 7 Retease Consent | RIU Disc P902 Run wire from RIU
connector (P902) to 1760
ASI|
Audio Low Bandwidih | Fuselage Disc -e-- Run line from Audio line in
Fuselage Disc to 1760 ASI
Status 2 Interlock RIU Disc P902 .- Run wire from RIU disc
P902) to ASI
Qd Interlock Fuselage Disc Store Disc J907| Splice off GND wire in the
Return J237 pylon. Status 2 excitation
voltage is referenced to
ground.
Gd Structure Gnd | Fuselage Disc Store Disc J907] Splice off Structure Ground
J237 in the pylon
Gnd/Neutral | Power 1 Return] Fuselage Disc | Store Disc J907] Splice off from GN/NEUT
J236 wire in the pylon
Gd Power 2 Return| Fuselage Disc | Store Disc J907] Same as Power 1 Return
J237
Neutral 115V AC Fuselage Disc | Store Disc J907| Splice off neutral line in the
Neutral }235 pylon
Status 3 Aux Interlock | RIU Disc P902 | Store Disc J907| Run wire from RIU disc
(P902) to 1760 ASI
Gd Aux Interlock | Fuselage Disc ] Store Disc J907} Same as Interlock Return
Return J237
Gd Aux Structure | Fuselage Disc Store Disc J907] Same as structure gnd
ad J237
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6.3.1.10 Modification #10: Physically locate the MIL-STD-1760 Primary and Auxiliary
Connectors at Stations 3, 5 and 7 ASis and the Primary Connector at Ali Other ASls - This
modification requires supplementing or replacing the existing ASI conneciors at each effected
station. For simple stores, no modifications or supplemental umbilicals are necessary.
Provisioning for implementation of 1760 must accommodate the additional signal and power
requirements outlined in the previous modification descriptions, as well as several discretes
from the RIUs serving each type of station. Also, the F-16's existing store control ability must
not be degraded. The 1760 ASI connectors can use existing space if the present AS! umbilical is
removed or rerouted. Since some of the RIU discretes must be available through the 1760 ASI,
the existing interface must be used in any case. However, it wouid not terminate in its present
location at the rear of the MAU-12 parent rack for stations 3, 4, 5, 6 and 7. Instead, it would
terminate at or adjacent to the power control relay module added under other modifications. The
required space can be found in the pin lanyard storage compartment of the wing station pylons,
between the parent rack and the RIU in station 5, and next to the missile launcher power supply



for stations 1, 2, 8, and 9. The 1760 signal set would be available at this location as provided
from the power control module, added analog lines, and the RIU's normal AS!. From here, a new
umbilical would be routed down to the existing ASI's normal location for mating to 1760 stores.
If no 1760 stores are to be carried, the new umbilical would be removed and the existing RIU
interface used as it is presently. Figure 6.23 illustrates the reconfiguration described above for
the wing pylons. A simiar layout and cable routing scheme is envisioned for the centerline
pylon, but the auxiliary power coniol relays would be separately located from the primary
power refays. The auxiliary power relay can be placed in the forward portion of the gear well or
the pin lanyard compartment. The primary power control relay module can be placed between
the RIU and parent rack.

PIN
LANYARD
STORAGE

CRIU

MAU-12
PHYSICAL LAYOUT, WING PYLON

---------------------------------------------------- WING / PYLON INTERFACE -~
ADOITIONAL POWER
A" AND AMALOGS

P 4 NEW POWER
EXISTING CONTROL
INTERFACES CRIU l RELAY MOOULES
] AND TERNINAL
“—L —— STRIPS
EXISTING
umBiLicAC o 4 - ‘
AUXILIARY S PRIMARY AS)

ks 41780 UMBILICALS

MAU - 12

....................................

FIGURE 6.23 Proposed Routing and ‘nterface Locations, Wing Pylon

The present missile launcher is not considered a candidate for this medification. Rather, the
Modular Rail Launcher (MRL) is used as a baseline siem. Since this rail clreacy has a 17606-
style ASI for the AMRAAM, the only requirement is {0 locate the power control module and
connect the 1553 lines, analog lines, and RIU discretes to a new 1760 standard umbilical in lieu
of the AMRAAM connector. There is space for ihe power control relays and necessary terminal
strips next to the MRL power supply or in place of the nitrogen receiver assembly (USAF
versions of the AIM-SL do not require this assembly). The latter is preferred, since it offers
more space. The advantage of this design is that is uses existing space without impzcting the
structural integrity of the pylons and launchers. The pin lanyard compartment is adjacent to the
wing/pylon interface and existing cables, providing easy access to the existing umbilicals,
additional power, and analog network. Another advantage is that it is the least costly of the
alternatives considered. The disadvantage of this design is that it requires rerouting the existing
ASI umbilical and removing or adding the 1760 umbilical when store carriage changes from an
existing store to a 1760 store. Of course, the original use of the pin lanyard compartment is
lost, and new procedures must be adopted when weapon safety pins are removed before flight.
Finally, atthough space for the new power control relays in the storage compartment is adequate,
the space for rerouting umbilicals is marginal. in fact, the centeriine pylon will require
additional wiring for connectivity with the auxiliary power control relays to their location.
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6.3.1.11 Modification #11: Provide the Additional ACIU Hardware and Software to Control
MIL-STD-1760 Stores and to Implement the Changes in the Operational Flight Program
Required by the Suggested Modifications - Paragraph 6.2.4 defines the requirements for
modification of the SMS in order to implement MIL-S1D-1760. The system design previously
indicated affects the ACIU in a number of ways. Firstly, the new units and the MIL-STD-1760
discrates that the remote units now control, place an additional processing load on the ACIU.
Secondly, the new MIL-STD-1760 stores place an additional software requirement on the ACIU.
Thirdly, the requirements for interoperability implicit in MIL-STD-1760A and draft notice 1
LDD place an additional processing and software requirement on the ACIU. Lastly, the
requirements of the LDD force changes to be made to the MIL-STD-1553 bus controlle: in the
ACIU. This is because to produce an ACIU that is capable of handling 1760 stores in generic
manner it must be capable of generating and checking the LDD sumcheck. The timing constraints,
in relation to the generation of LDD sumchecks and system time are such that these funclions
must be parformed in hardware. The only place for incorporation of this hardware is the ACIU
bus controller. !f only restricted sub-sets of stores are used, i.e. those slores that do not use the
features above, then the ACIU BCU may not require modification.

6.3.1.11.1 Scope of Modifications - The modifications considered are only those required to
meet the system design (see paragraph 6.3), MIL-STD-1760A and LDD Notice 1. The
modifications made to the ACIU assume that system interoperability for future MIL-STC-1760
stores is of prime importance. To this end the software modifications are extended to provide for
system reconfiguration as dictated by the store description message.

6.3.1.11.1.1 Limitations - The design modifications consider the ACIU as it was specified in
August 1985, any changes made after this date have not been considered. The recommended
changes are the minimum that are required, consistent wi) the correct operation.

6.3.1.11.2 Requirements Summary - The previous paragraph 6.3.1 defines the system changes
that are required of the complete SMS. Figure 6.24 shows the current ACIU hardware design and
figure 6.8 shows the current software design. The requirement is to modify the ACIU in as few
ways as possible, whilst allowing it to control the new hardware and to enable the stores
management system to manage the new MIL-STD-1760 stores in their defined loadout
contigurations. The following issues relate directly to the required modifications of the ACIU.
These issues have necessitated changes to the ACIU to ensure that the SMS fully implements
MIL-STD-1760 and hence increases the level of inleroperability of the system. The issues are:

a. The control and timing of Release Consent when controlled over a dual standard serial
data bus - The specification requires thal Release Consent is present at the ASI for 20 msec
prior to safety-critical datz transfer. The use of remote switching units means that the total
data transfer and signal activation time must be taken into account. Release Consent must be
enabled as late as is possible in the release cycle i ensure safety. This is especially important
when dual slandards are used on the ASI digital data bus. However, to ensure that the store is
released successfully, the signal must be present at the ASI 20 msec prior 1o the transmission of
safety-critical commands. To ensure that the above requirement is satisfied the command sefting
of Release Consent must be initiatec by the ACIU at least 100 msec prior to the transmission of
the Fire/Launch safety-critical message. This is because, the remote units are still to be
controlled over the existing dual-simplex bus. The 100msec period is required 1o allow the
ACIU to command Release Consent on, wait for the signal to be activated by the remote unit, and to
monitor correct operation, prior to a safety critical command.
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b. Control of Safety-Critical functions - Two methods are provided within
MIL-STD-1760A for the aircraft to provide a safely interlock. They are Release Consent and 28
volts DC power 2. To allow any Stores Management System to function in a fully interoperable
manner the store functions must be described (in some manner) to the SMS by the store. The
preferrad method of interlock for stores is via the use of Release Consent. However, to satisfy
the require:rents of MIL-STD-1760A it is necessary that the ACIU provide both release consent
and 28 volts 2.

¢. 1553 Redundancy s appropriate to the 1760 LDD - In the current ACIU design,
MIL-STD-1553 redundancy is achieved by providing a completely ‘shared and split’
architecture with ACIU, ie. Bus A (BC) and Bus B BC are separate and redundant. Bus controller
A can control both buses, but BC B only controls bus B. What action does BC A take upon finding
that it cannot communicate o hus B? The fault could be itself, in which case changing the BCs
will return Bus B (but there will he no Bus A communication). Alternatively, the fault could be
the bus itself - in which case changing BCs will result in no communication at all. The prcvision
of partial redundancy is not in kzeping with LDD or MIL-STD-1553. A fault which causes ACIU
half switching means utilizing BC B, which is only capable of communicaling on Bus B even
though there is no fault with Bus A. This situation will require modification to ensure that full
future interoperability is provided.

d Store description messages - The notice 1 LDD provides a requirement that stores
conain a number of description pages that define the stores operational and control
requirements. This information allows the SMS to function in 2 completely interoperable
manner; that is, the SMS requires no inventory configuration prior to the upload of store
description messages. The ACIU software will require modification 1o take account of this.

e. ACIU Bus Controller is required to support a 750-microsecond intermessage gap -
The ACIU BC will require modification to ensure that this requirement can be met.

f. LDD message checksum - The ACIU W-bus does not currently support the generation
of LDD checksum. No software solution exists, therefore, the hardware will require
maodification.

g. Aircraft system time usage - Stores that require system time wi!l need to be well
synchronized (less than 2 msec error) with aircraft time. To ensure that this is possible
hardware mechanisms should be used for time synchronization. The AEIS bus controller must
maintain a synchronized version of system time so that the system time entity can be loaded into
the appropriate messages at the point of transmission. To ensure this is possible, hardware
mechanisms must be used for the LDD sumcheck word. This will allow messages containing
system time to be transmitted with the minimum of time error. Synchronization at these levels
of accuracy is generally not possible vith software. System time is required to be transmitted to
those stores that require it. It must be accurate to better than 2msec. To achieve this level of
accuracy the BCU will have to place the current system time in the message at the point of
transmission and (for those stores that require it) include the LDD sumcheck. It is not possible
to perform this mechanism in software alone.

6.3.1.11.2.1 Processor

a Current Perormance The current fit of main processor in each redundant portion of
‘e ACIU is compatible with the MIL-STD-1750 Instruction Set Architecture. It executes
instructions at 120K instructions per second (ips), when measured using the Discrete Avionics
instruction Set (DAIS) benchmark.
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b. MIL-STD-1760 BRequired Performance Conventional SMS processing environments
do not require very large processing power capabilities. This is because only a reiatively small
part of the large SMS software set is running at any time, due lo the event driven nature of SMSs.
This is combined with the fact only on~ store type is normally controlled at any one time,
although systems managing multiple types of MIL-STD-1760 stores may be required to conirol
two types simultaneously. Close study shows the worst case situation is during the prerelease
phase of missile control, when targeting of the missile is required using digital serial links
between the controlling system and the missile. Each missile to be simultaneously targeted by
the ACIU increases the processing load by an amount approximately in proportion to the data
unique to each additional store (This is because certain data will be common 1o all stores and will
not require individual processing on a per-store basis). An influential factor in the estimate of
required processing power is the format of data received from the Avionics Bus. This factor
results from the fact that data gathering and reformatting of the required data is a major
component of processor load. As an example of the likely requirements of the ACIU performance
when controlling MIL-STD-1760 stores, it is representative to take the case of AIM-120
(AMRAAM). This store significantly loads the processor during the pre-launch phase, and
involves data transfer to the store using MIL-STD-1553 serial links. While this store does not
strictly operate to the MIL-STD-1760 LDD, the number and frequency of data transfers will be
of the same order as LDD compatibie stores. Experience shows that the AiM-120 processing
loads are 0.25 MIPS for one AIM-120 during targeting and 0.38 MIPS for two AIM-120s during
targeting. These numbers assume a 50 KHz update rate, target code produced from a non
optimizing Ada compiler, and significant data derivation and conversion. These figures make no
allowance for any other processing aclivity during targeting. It would be prudent 1o allow 0.05
Mips for other data gathering and conversion, and a further 0.05 Mips for support and
housekeeping activities. It is important o note that the single AIM-120 figure of 0.25 Mips is
beyond the capability of the current processor according to received data. This implies that
either the data is erroneous or that a lower update rate is being used or that highly optimized
assembler code is being used with little data conversion. It should also be noted that if Ada were
1o be chosen as the HOL, the processing power requirement is higher in development
environment than the delivered one. This is due to the use in development of run time featwes;
(for example, constraint checking) which may be omitted in the final version of the operationa!
flight programi. These figures suggest a requirement exceeding 0.35 Mips (single targeting) or
0.48 Mips (twin targeting). Anticipating a future expansion requirement of 50%, a processor
capable of around 0.75 Mips is desirable.

c. Possible Implementations - The standard options towards increasing the processor
power of an existing unit are:

(1) Add extra processors of identical design to the existing processor (Five
additional ones are required in the case of the ACIU)

(2) Add an extra processor of different design to make-up the procassing
shortfall

(3) Completely replace the existing processor by a new design

Options a) and b) comprise multi-processor solutions, aid knowledge of the motherboard design
may prohibit these solutions. This is because there may not exisi either the physical locations
for extra modules, or the necessary motherboard control signals for multi-processor
applications. The mos! viable option is that of redesigning the processor module to provide the
required processing power. lIdeally, this would retain MIL-STD-1750 compaltibility in order to
preserve the existing software suite.




6.3.1.11.22 Memory

a Current Capacity - The ACIU is currently comprised of 16K RAM and 48K PROM per
redundant portion of the LRU (with some overiap between halves in the RAM area).

b. MIL-STD-1760 Required Performance - Assuming that the conventional stores
continue 19 be controlled by the existing software suite, and that MIL-STD-1760 stores will be
controlled Ly Ada packages, experience from the AVS demonstration rig would indicate a
requireme:t breakdown as follows:

(1) Application Packages -

tnitialization 1500 lines of Ada
Event Processing 1300 lines of Ada
Cold’/Warm Restart 1000 lines of Ada
Store State Management 7000 lines of Ada
Jettison Management 1000 lines of Ada
Test/Reversion modes 800 lines of Ada
12600 Total

(2) SMS Services -

Event Identification 300 lines of Ada
Safety-Critical Monitor 1000 lines of Ada
Power Control/Monitor 500 lines of Ada
W-MUX Interfacing/Monitor 2000 lines of Ada
RIU Control/Monitor 800 lines of Ada
Error Retry/ldentification 500 lines of Ada
IBIT Control/CBIT 1000 lines of Ada
Network Setup/Monilor 800 lines of Ada
6900 Total

This gives a total of 19,500 lines of Ada code. Converting 10 bytes, at 10 bytes per line, a
figure of 195 K bytes of storage is required for code (that is 195K bytes PROM). Data storage
requirements are estimated at 20K bytes for LDD dala entities, and a further 40 K bytes each
for the Ada "stack” and "heap,” resulting in 100 K bytes of RAM. Applying 50% future
expansion capacity, memory requirements are PROM - 300 K bytes and RAM - 150 K bytes.
The ACIU clearly requires a memory expansion.

c. Possible implementations - Memory technology has progressed significantly in
recent years. Unless the ACIU has sufficient spare physical capacity to accommodate repeat
memory modules (unknown, but unlikely), a redesign would be indicated. The required memory
densities are now available on a single module when utilizing hybrid memory components and
surface mounting techniques. At this time, the entire PROM requirement may be exceeded by
utilizing three (3) 1 M bit EPROM devices. Alternatively, EEPROM devices should be
considered for their on-board reprogramming capability. It is also likely that the processor and
memory redesigns should be considered jointly, since memory "paging” techniques may rhen be
avoided.

6.3.1.11.2.3 W-MUX - Modifications to the W-MUX Bus Control module may be unnecessary.
The kay points which will resolve this issue are driven by the LDD and are given below:




a |nter-message gap performonce - The LD reyuires that the bus controller to the
1760 stores (in this implementation, the ACIU) s able to support a 750 micro second inter-
message gap ime. ACIU performance in this area is unknown, and indeed may change from its
current value when a higher performance central processor unit i insialled (depending on
actual ACIU bus controller design).

b. Mode Codes - The LDD mandates certain mods codes 10 be supporied by the W-MUX bus
controller. It is unlikely that the ACIU will be unable to support these, but neither is it possible
to state that it does possess the required capability.

c. Checksums - The LD" requires that the final word of any message is a checksum word
relating to that message. This requires that the ACIU W-MUX bus controller either evaluate the
checksum in software prior to message transmission (adding to the processing load and
potentially the inter-messag~ gap), or add a hardware checksum generating/receiving
mechanism 1o the bus controiier. The second option may be prohibited by space/layout
considerations, but would represent the preferred solution from a performance viewpoint.

6.3.1.11.24 Discretes - The ACIU in the proposed recommended implementation is required 1o
control the auxiliary 28V DC supplies via discrete control of power relays. Details available to
the case study design team relating to the input/output modules within the ACIU are insufficient
to determine if sufficient spare capacity exists, and thus avoiding ACIU modification.

6.4 IMPLEMENTATION SUMMARY Implementation of the suggested modifications requires the

efforts summarized below. These implement the requiremiants defined in paragraph 6.3.
a Implementing a new HBW 50 ohm (RF) switching network.

b. Adding an additional remote terminal to the W-MUX Bus and connecting it to the RF
switching network with 43 discrete lines and to the Video Swilching Network with 28 discrete
lines.

c. Adding a 40 cubic inch switching unit in all the pylons and launchers to con'rol the
switching of the primary power.

d Adding a 44.3 cubic inch switching unit in the pylons at stations 3 and 7 and in the
aircraft near station 5 1o control auxiliary AC power. Three additional wires for power and one
additional discrete line will also have to be installed between the aircraft and the pylon.

e. Implementing auxiliary 28 VOC. Current indications are that both the required
relays and wiring changes should be located in the equipment bays aft of the cockpit.

f.  Running eight additional RF lines from the RF Switching Matrix to the station
disconnects.

g Running three video lines from the Video Switch to the three interior air-to-ground
stations (one video line per station) and extending the video lines from the provisionary
connectors to a 1760 ASI| at the air-to-air stations.

h. Adding three additional relays to the Video Switch w accomimodate the three new video
lings mentionad above.

i. Performing a number of wiring changes in the pylons and launchers in order to
provide currently available signals to the 1760 ASI.
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j- Extending the W-MUX Bus out of the W-MUX station matrices 1o the 1760 AS! at the
air-to-air stations.

k. Placing higher rated circuit breakers in the DC power feed lines 1o the Stores Standby
Power System.

I. Implementing logical changes to accommodate all modifications.
m. Increasing the ACIU processor power and memory capacity.

6.4.1 |mplementation of Specific 1760 Functions Overall implementation of a desired
MIL-STD-1760 capability in the F-16 C/D impacts the following general areas: HBW signals,
power, discrete signals, and the SMS logic. The following paragraphs summarize how the
implementation baseline would address the impact in each area.

a HB\Y Signals - A separate 50-ohm HBW network could be implemented in the aft
equipment bay. It would control the switching of all HB1 and HB2 signals. HB3 and HB4 would
be switched by the existing video network. Three additional switching elements could be added to
the video switches to accommodate the three new video lines. Switching in both HBW switching
networks (50 ohm - RF, 75 ohm - Video) would be in response to discretes generated by a
remote terminal on the W-MUX Bus. This remote terminal could be located in the att equipment
bay. Control words would be communicated from the ACIU to the r.ew remote terminal over the
W-MUX Bus in dual-simplex protocol. An address of 11100 would be assigned to this terminal.
This address is currently reserved as a spare in the W-MUX dual-simplex address field.

b. Power - Switching units distributed in the pylons and in the launchers could control
primary AC and DC power at aach station. One implementation of such a switching unit consists
ot five electromechanical relays of the same type. Relays are currently available in industry
which provide the required switching capacity at the parameters specified by MIL-STD-1760.
The typical size for such a relay is 1.718 inches (length) x 0.525 inches (width) x 1.125
inches (height). Taking into consideration proper thermal drain constraints, a box of size 53
inches (length) x 3 inches (width) x 2.5 inches (height) should accommodate these relays along
with accompanying wiring. A 20-pin connector (16 for power and control grounds, 4 spares)
located on top of the box would provide connectivity to the other elements of the stores power
distribution network. Auxiliary AC power could be controlled at the store stations using a single
switching unit located at each of the three ECM centified stations (3. 5. and 7). This switching
unit could be implemented using a single three-pole single-throw (TPST) electromechanical
relay. The size of such a relay is approximately 3.72 inches (length) x 3.303 inches (width) x
2.4 inches (height). A box 4.5 inches (length) x 4.1 inches (width) x 3.2 inches (height)
designed with the proper thermal considerations could house the relay. A 10-pin connector (7
for power and control grounds, 3 spares) would provide connectivity o the other elements of the
store power distribution network. The exact source of auxiliary DC power was undetermined due
to the lack of information concerning F-16 power distribution. However, it is reasor.able 10
assume that the source would be located at the aircraft power distribution level. Furthermore,
it can be assumed that to extend these three DC sources to stations 3, 5, and 7 would require
running a dedicated wire from power sources, located most likely in equipment bays aft of the
cockpit, to each of the stations. Therefore, the relays controlling the auxiliary 28 VDC power
lines could be implemented ir, the aircraft during installation of the wiring. Control of the
relays would most likely be provided via discretes from the ACIU discrete YO board.

Space to accommodale the 5.3 inches x 3 inches x 2.5 inches primary power switching unit is
available in both the winy and centerline pylons, and the air-to-air missile launchers. The pin
storage compartmant of the wing pylon represents available space of the approximate dimensions
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12 inches x 5 inches x 6 inches. This space can easily accommodate both the primary power
switching unit and the 4.5 inches x 4.1 inches x 3.2 inches auxiliary AC power switching unit. A
6 inches x § inches x 6 inches space located between the RIU and pylon bomb rack could be used
to house the primary switching unit and associated wiring in the centerline pylon. However, the
auxiliary AC switching unit for the centerline station will have to be located in the aircraft due
to a lack of available space in the pylon. An area near the power supply in the launchers could be
used to accommodate the primary power switching unit at the air-to-air stations.

c. Discretes - The discretes to the 1760 interface could be generated by the station RIU
or provided from discrete lines currently being routed to the conventional connector. A slight
modification to the data selection portions of the RIU must be accomplished before STATUS 2 and
3 could be used for Interlock and Auxiliary Intertock, respectively. Threshold values and
excitation current levels must be adjusted to 1780 values when the RIU is interfacing to 1760
stores. The 1760 addresses could be generated by mating the proper address lines to the address
return line at the 1760 ASI. This mating could be accomplished by running the wires for the
address lines in the 1760 ASI to a tag strip located in an LRU in the pylon. The RIU and primary
power switching unit are both candidate LRUs for this task.

d Logical - While defining the changes required to be made in the ACIU to implement the
requirements of MIL-STD-1760, it has become evident that a great deal of data relating to the
existing design is required. The information must cover ihe existing system performance
requirements, hardware and software design definitions. Insufficient data was available on the
first two of these aspects to allow a detailed definition of the design changes to be made.
Nevertheless, a considerable amount of data was made available. The lessor to be le 3rned is that
very specific data is recuired (all of which may not be published), in order to define the changes
that are required to an existing SMS processor (such as the ACIU) to enable it to support all the
requirements of MIL-STD-1760, as the result of an improvement program. However, this
design activity has determined those functional elements of the ACIU which would need to be
upgraded, should a full implementation of MIL-STD-1760 be required. The nrincipal changes
that need to be made are associated with the usage of the MIL-STD-1553B data bus for MIL-
STD-1760, the implementation of the LDD message sumchecks and, most significantly, the
implementation of the LDD. These requirements impose a significant increase in processing
power and memory capacity for the ACIU processors. Increases by factors of six (6) and ten
(10), respectively, would be needed to comply with these requirements. A detailed
implementation design approach is rot practicable at this stage without more information
relating to the existing ACIU hardware.

6.5 CASE STUDY SUMIMARY The F-16 C/D Case Study has shown that for aircraft in general, the
primary aircraft system affected by MIL-STD-1760 is the Stores Management System. In
addition to impacting the intetface at the physical ASI locations, 1760 also affects SMS endpoints
within the aircraft which are connected to the ASIs. These endpoints issues include: indirect
requirements due to concurrent operation of multiple ASIS, message and protocol requirements
on the 1760 data bus applied to the SMS bus, and characteristics of sinks and sources within the
aircraft which interface with the ASI.

6.5.1 Power System Depending on the specific definition of SMS boundaries, 1760 could also
affect the aircraft power generation and distribution system. At the overall aircraft system
level, the electrical load of the power generation/conversion system is impacted by the total load
of all ASIs operating simultaneously. To this extent, 1760 defines the maximum load at each ASI.
MIL-STD-17€0 does not, however, require that the aircraft be capable of simultaneousty
operating all ASIs at maximum rating. The interoperability goals of 1760 can be simplistically
defined as permitting installation of any store at any station on any aircraft. The ability of any
store type to be operated simultanecusly at all stations of an aircraft does not necessarily apply,
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even though this capability could be desirable. A second power system impact could deal with
power quality issues. Because MIL-STD-704 has D as the current issue, any invitation to bid o
request for proposal against MIL-STD-1760A iastallation may cause MIL-STD-1760 1o impose
requirements on power characteristics at the ASI which are not directly compatible with present
aircraft power systems. This does not, however, mean that the entire aircraft power system
must comply with the 1760 power requirements.

6.5.2 Avionics System Interfaces The final aircraft system area details with “avionics™ system
interfaces. MIL-STD-1760 may standardize particular signal interfaces which are related to
specific subsystems. This standardization does not, however, imply tha' the aircraft must
contain such subsystems. For example, 1760 may define a high bandwidth transter media
compatible with GPS L signal bands. This signal definition does not, however, mandate that the
host aircraft contain a GPS receiver. The host aircraft should, however, contain the transfer
media routed to some “convenient® point in the aircraft. Likewise, 1760 may define a message
format for transferring terrain map data to a store, but this definition does not imply that all
aircraft carry or process digital terrain maps. In general, it is not the intent of 1760 to control
or influence the basic mission capability; (that is, role) of an aircraft weapon system, but to
standardize those interfaces when they exist. This general 1760 limitation is even more true
for mission stores. Most of the standardized interfaces defined for the MSI in 1760 will not be
used by any specific mission stores (This does not, however, exclude use of a common
connector). Where a mission store requires a specific interface signal, the characteristics must
comply with 1760. Since a carriage store may be inserted between interoperable aircraft and
mission stores, and since the carriage store may be produced by a third party, tighter controls of
17€£C interfaces are projected for the carriage stores. MIL-STD-1760 incorporate some
p-ovisions to allow the carriage store protocol to be added later by restricting the message length
for Mission Stores 1o 30 words. The two remaining words are effectively reserved for use

within the protocol for the routing of data direcily through a carriage store. The 1760 interface
on the aircraft or a mission store extends a limited distance into the aircraft or mission siore.
Beyond this limited boundary, the interface has no control. In contrast, the interface extends
into a carriage store from two directions - from the CS! and from the CSS!. In addition, the
carriage store should be functionally transparent to a mission store; that is, a mission store
should operate the same whether singly carried or multiply carried. MIL-STD-1760 should
define all commands, protocols, topologias and electrical characteristics necessary for achieving
this transparency. MIL-STD-1760 essentially forms the electrical specification for the store.

6.5.3 Ground Support Equipment The final area of 1760 impact is on Ground Support
Equipment (GSE). Specific GSE items will be necessary for lesting the various weapon system
segments at each 1760 interface. MIL-STD-1760 will impact these GSE items by defining the
interface between the GSE and the applicable 1760 connection point. Depending on the specific
GSE function, other non-1760 interfaces may also be required for accomplishing the ground
tests or maintenance actions. MIL-STD-1760 will not, however, address specific GSE to
aircraft, GSE to carriage store, or GSE to mission store functiona! requirements. While it might
be desirabie to develop a standard set of GSE for use on all aircraft and slores, the testing
procedures and fault location algorithms will vary between different aircraft and between
aircraft stores. For this reason, 1760 does not address these GSE requirements. For example, it
is not the standard ASI that is tested on an aircraft, but a specific SMS implemaentation of 1760.
It a failure is evident at the ASI, the GSE must peer into the SMS through the ASI, and probably
through other aircraft interfaces, to determine the cause of the failure. Likewise, the location of
a failed component witnin a carriage store could require different procedures and algorithms for
different carriage stores.
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6.5.4 Summary In summary, 1760 should standardize only those interface issues necessary
for achieving interoperability between aircraft and slores. The impact of 1760 on the weapon
systems should be, therefore, limited to those areas necessary for interoperability. During
development of new 1760 systems, a fine line will exist between defining some 1760
requirements (which enhance inleroperability) and infringing on the specification domain of
various subsystems. Most “requirements” which specify design implementation details could
overstep the authority of 1760 and, more importanty, are not necessary 10 ensure
interoperability. The biggest problem in defining the proper domain or boundaries of the 1760
requirements occurs in determining how “deep” into an interface segment (that is, aircraft) that
requirements must be defined. A good example of this borderline area is the perceived need for
deadfacing interface circuits. The deadfacing issue deals with the termination of interface
circuits after release of a store. Ceadfacing, in this context, is not an interoperability issue. It
may be desirable to deadface some circuils to minimize the possibility of damage or to limit
pick-up of EMI on the unterminated circuits. These faciors affect performance of the SMS (for
the aircraft interface segment) or the store electronics (for the store interface segment). The
SMS and store side of the interfaces should be designed such that these factors do not impact
operation of the remaining active interfaces, or impact the interoperability of these interfaces.
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SECTION 7
DESCRIPTION OF APPENDIX A AND APPENDIX B

7.1 Appendix A - [ssues and Guidance The purpose of this appendix is to provide practical
guidance for implementors of MIL-STD-1760 in future aircraft and stores. The guidance is
provided by identifying many generic issues associated with implementing the standard within
the aircraft avionics environment.

7.2 Appendix B - Rationala for Appendix A This appendix has been prepared to provide the
rationale for sections 7-13 of Appendix A. The rationale is therefore available, should it be
required, without complicating the ISSUE/GUIDANCE format of Appendix A.




MIL-STD-1760 APPLICATION GUIDELINES

APPENDIX A

Issues and Guidance
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1. INTRODUCTION

1.1 Purpose The purpose of this Appendix is to provide practical guidance for implementors of
MIL-STD-1760 in future aircraft applications. This document identifies and explains those
issues which are associated with implementing the standard within the aircraft avionic
environment. Although each particular implementation of the standard will require aspects that
may be unique to the application, there are many issues which are generic 10 most. The issues
considered in this document have been derived from specific implementation examples, but are
presented in such a way as to have general application. For each of the issues presented,
recommended guidance (based on experience) is given for its practical implementation in a
system environment. This document will assist in the process of ensuring that a coordinated
approach to the application of MIL-STD-1760 by the Air Force, Army, and Navy is achieved.

1.2 Scope The information contained in this document is intended to provide the implementor of
the AircrattUStore Electrical Interconnection System (AEIS), defined by MIL-STD-1760, with
the following:

a An understanding of the purpose and projected benefits of the standard

b. An understanding of the standard itself, including the electrical signal set, physical
connectlor characteristics, and logica! design definition

c. An understanding of the MIL-STD-1760 Application Process

d. A comprehensive list of implementation issues, or problems to be resolved, during
the application process

e. Application guidelines for each implementation issue, which may contain specific
recommendations

This document is intended to be available for use by all Government Agencies, industrial
organizations and procurement, design, inslallation and support organizations.

1.3 Limilations Aspects of aircraft/store integration not considered ir this document are
aircraft and store mechanical compatibility issues, including aerodynamic loads and cluarances.
The definition of MIL-STD-1760 is as defined in paragraph 2.3. Subsequent issues and notices
of the standard are not considered.

1.4 Appendix Structure The overall structure and paragraph definitions of the document are
shown in figure 1.1. Sections 7 through 13 comprise the main body of the document, and include
groups of issues and associated application guidelines. It is anticipated that the reader of this
document will normally wish to use it as a reference document by seeking application guidance on
a specific issue or issues. Issues may be referenced by one of two routes via the index in section
14: a MIL-STD-1760 paragraph number or a specific issue litle.
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2. REFERENCED DOCUMENTS

2.1 Government Documents Unless otherwise specified in paragraph 2.3, the following
specifications, standards, and handbooks, form a part of this document 1o the extent specified
herein.

2.1.1 Military Standards

MIL-STD-454 Standard General Requirements for Electronic Equipment
MIL-STD-461 Electromagnetic Interference Characteristics Requirements for Equipment
MIL-STD-462 Electromagnetic Irterference Characteristics, Measurement of

MIL-STD-704D Aircraft Electrical Power Characteristics

MIL-STD-882A Satety Program for System and Subsystem and Equipment, Requirements for
MIL-STD-15538 Aircraft internal Time Division Command Response Multipiex Data Bus
MIL-STD-1760 AircratyStore Electrical Interconnection System

MIL-STD-1815A Ada Programming Language

DOD-STD-2167 Defense System Software Development

2.1.2 Military Specifications

MIL-E-5400 General Equipment Environment

MIL-C-38999 Connector, Electrical, Circular, Miniature, High Density, Quick
Disconnect (Bayonet, Threaded, and Breech Coupling), Environment Resistant, Removable Crimp
and Hermetic Solder Contacts, General Specification for

2.1.3 Handbooks
MIL-HDBK-244 Aircraft-Store Integration

2.1.4 NATO Standardization Agreement

STANAG 3350 AVS  Monochrome Video Standard for Aircraft System Appiications
2.1.5 Other Documents

DRAFT Aircratt/Store Electrical Interconnection System (Draft for Comment)
MIL-STD-1760A

(April  198S5)

DRAFT Notice 1 Logical Requirements

fo

MIL-STD-1760A
(June 1985)
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2.2 Contractor Documents
CDRL: COOK

CDRL: COOL

182-
182-
182-
182-
182-
182-
182-
182-
182-
182-
182-
182-
182-
182-
182-

5§1-02
60-05
60-06
60-07
€0-08
60-09
60-10
60-11
60-12
60-21
70-07
70-06
70-13
60-12
60-22

Type A System Specification (for an AEIS Implementztion System) July 1983
(Reference COC 181-02-01)

Generic SMS System Design B1 Specification (Reference COC 181-04-02)

AIM-SL Parameters

PCE B2 Specifications (CDC)

SSE B2 Specifications (CDC)

SNE B2 Specifications (CDC)

APS B2 Specifications (CDC)

CSE B2 Specifications (CDC)

DC B2 Specifications (CDC)

MFD B2 Specifications (CDC)

SU B2 Specifications (CDC)
Aircraft Wiring (CDC)
MIL-STD-1760 Evaluation Plan (CDC)
AVS Evaluation Plan

LDD Evaluation Ptan (CDC)

PCE B2 Specifications (CDC)
MIL-STD-1760 impact of Changes

2.3 MIL-STD-1768Q For the purposes of this document, MIL-STD-1760 shall be defined as
April 1985 draft MIL-STD-1760A, as amended by June 1985 DRAFT Notice 1 as limited by
document 182-60-22. References to the above Notice 1 as compared with Nolices 2 (Oct 86)
and 3 (Jan 87), have been included where it is felt that this would be useful. However, it was
beyond the scope of this effort to provide more than minimal coverage.
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3. DEFINITION OF TERMS

3.1 Definition and use of terms Temms used within this document are as defined in the
referenced documents, MIL-HDBK-244, and the NATO Glossary of Terms and Definitions for
Military Use, and as listed in Section 3 of the Report.

3.2 Definition of acronyms The following acroryms used in these Application Guidelines are

defined as follows:

A, Amp Ampere

A212 Aircraft Armament Interoperable Interface
AAM Air-to-Air Missile

AO Air-to-Air Override

AC,ac Alternating Current

AC Aircraft

AOC Air Data Computer

AEIS Aircraft/Store Electrical Interconnection System
AFB Air Force Base

AFR Air Force Regulation

AM Air-to-Ground Missile

AHRS Attitude and Heading Reference System

AIM Air Intercept Missile

AIS AEIS implementation System

ALCM Air Launched Cruise Missile

ALWT Advanced Light Weight Torpedo

AM Amplitude Modulation

AMAC Aircraft Monitor and Control

AMRAAM Advanced Medium Range Air-to-Air Missile

ARM Anti-Radiation Missile

ASCU Avionics Simulator and Control Unit
ASAWM Advanced Strategic Air Launched Missile
ASAT Anti-Satellite

ASD! Alternate Serial Digital Interface
ASI Aircraft Station Interface

ASPJ Advanced Sel-Protection Jammer
ASW Anti-Submarine Warfare

AVS AEIS Validation System

AW Aircraft Wiring

BC Bus Controller

Bit Binary Digit

BIT Built-in-Test

BITE Built-in-Test Equipment

BPS Bits Per Second

BSGT Boresight

8w Bandwidth

csy Cluster Bomb Unit

COR Critical Data Review

o Combat Jeftison

CRT Cathode Ray Tube

CS Carriage Store Interface

Cssi Carriage Store Station Interface
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£22CHE 82

:$:

3343 2R2

Deterisive Aids System
Direct Current

Electronic Countermeasures
Electro-Explosive Device
Emergency Jettison
Electromagnetic
Electromagnetic Compatibility
Electromagnetic Interference
Electromagnetic Pulse
Electro-explosive Release Unit
Existing Store Equipment
Existing Store Interface

Fire Control Computer

Flight Control System

Fault Detection Diagnostics
Frequency Division Multiplexing
Forward Looking Infra-red
Frequency Modulation

Field of View

Gravity

Ground

Global Positioning System
Giga Hertz

Ground Suppont Equipment

High Bandwidth

High Frequency
High-Order Language
High Speed Data Bus
Head-up Display
Hyper Velocity Missile
Hertz

Interference Blanking Unit
interruptive BIT
identification

Identification, Friend or Foe
imaging Infra-Red

inertial Navigation Equipment
Inertial Navigation System
Initial Operating Capability
Instruction Set Architecture
Input/Output

Input

in Flight Operable Lock
inlerface Conirol Document
Infra-red

Infra-red Line Scan

Joint Test Assembly
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MCW
MER
MFCD
MICOS
MIL-STD
min
Mips
MRASM
MSER
MSOW
MSP
MSI
MTBD
MTBF
MTTR
MTTT
MUX

NA
NFV
No.
NSSI
NWC
o/8

PAL
PCB
PCE
POU
p-p
Ph

Joint Tactical Information Distribution System

kilograms
kilo-hertz

Low Altitude Dispenser

Low Altitude Navigation and Targeting Infra-red for Night
Latitude

Low Bandwidth

Logical Design Definition
Low Light Television
Longitude

Line of Sight

Long Range Stand Oft Missile
Line Replaceable Unit

Least Significant Part

Muter

milli (prefix factor equal to 10-3)
Maximum

Master Armament Switch
Maneuvering Cluster Weapon

Multiple Ejector Rack

Muiti-Function Controls and Displays
Multifunctional Infrared Coherent Optical System
Military Standard

Minimum or Minute

Million Instructions per Second
Medium Ranga Air-lo-Surface Missile
Multiple Store Ejector Rack

Modular Stand Off Weapon

Most Significant Part

Mission Store Interface

Mean Time Between Defects

Mean Time Between Failures

Mean Time to Repair

Mean Time Tc Test

Nultiplex

Not Applicable

Narrow Field of View
Number

Non-Standard Store interface
Naval Weapons Center

Outboard

Permissive Action Link
Printed Circuit Board
Process Control Equipment
Power Distribution Unit
Peak-10-Peak

Phase




Pilots Selective Jettison
Quality Assurar.ce

Radio Frequency

Reference

Return

Remote Interface Unit

Radio Frequency Interference
Remotely Piloted Vehicle
Radiated Susceptibility
Remote Terminal

Return

Second(s)

Safe and In-Range

Surface-10-Air Missile

Suspension and Release Equipment
SRAAM/Sidewinder Expanded Acquisition Mode
Second

Select, Selected

Standard Electronic Module
Standard Electronic Module Program
Selective Jettison

Stores Management System

Signal to Noise Ratio

Statement of Work

Self-Protection Jammer Pod

Short Range Attack Missile

Shop Replaceable Unit

Standard Store Interface

To Be Determined
TERCOM

Time Correlation Pulse
TACAN

Triple Ejection Rack
Terrain Following Radar
Target

Tube Launchad Optically T-acked Wire Guided
TRGGER

Television
Transformer(s)

micro (prefix factor equal to 10-6)
Ultra High-Frequency

United States Air Force
Uitra-Viclet

Under Water

Volts
Voit Amps
Voits Alternating Current
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3EgR2

WASP

35

WRIS

Verify Control Word
Velocity

Volts Direct Current
Very High Frequency
Video Tape Recorder

Wide Area Special Projecliles
Weapon Control System

Wide Field-of-View

Weapon Release Inventory Switch
With Respect To




4. PURPOSE, GOALS AND PROJECTED BENEFITS OF MIL-STD-1760

Paragraphs 4.1 through 4.€ discuss the purpose, goals, and projecied benefits of
MIL-STD-1760 while 4.7 discusses future control of the standard to maintain its credibility.

4.1 Current lack of interoperability Within NATO countries, other than the US, aircraft are
purchased to support specific missions, for example fighter or ground attack, and furthermore
they tend only to purchase one type of aircraft for each mission. Also, unfortunately, in order to
“keep an incdependent capability,” many NATO countries aiso have different types of aircraft
between them 1o support the same basic missions. In both the US and NATO, stores are developed
largely independent of each other, even though the requirements may be very similar, and within
NATO, mainiy due to the earlier discussion, they quite often support only one type of aircraft.
This quite absurd situation has resulted in unique aircraft/store electrical interconnection
requirements and a consequent proliferation of interface designs. Table 4.1 gives some examples
of this. This lack of standardization has led to low levels of interoperability which ~a7 have a
detrimental impact on force eHectiveness. Technology advances have led to a quarium jump in
the renuirements of effectiveness (in both capability and flexibility) of mission siores and have
also meant that the age old requirements to stand-off from the target is now a practical
proposition. This is ncw being reflected into the use of increasing amounts of avionic data and
control information from aircraft systems and this, if allowed to proceed without a common
interface standard, for example MIL-STD-1553B is required by MIL-STD-1760, will
inevitably lead to insurmountable technical and or funding problems.

Table 4.1 Example of Aircraft, Stores, and Store Missions

Aircraft Store Store Mission

F4 M Sparrow MRAAM (Radar)
TORNADO ADV Sky Flash MRBAAM (Radar)
ORION Harmpoon Anti-Ship Missile
SEA HARRIER Sea Eagle Anti-Ship Missile
TORNADO FRG Kormoran Anti-Ship Missile
USAF AIM-9J/P SRAAM

USN AIM-9L/M SRAAM

TORNADO UK AIM-9L SRAAM

TORNADO FRG AIM-9L SRAAM

USAF LOCL POD Area Denial
TORNADO K JP 233 Area Denial
TORNADO FRG MW1 Area Denial

Note: France has an equivalent for each one of the stores listed above, for example anti-ship is
Exocet, and these also have different interfaces.

4.2 Purpose and Goals of MIL-STD-1760 The application cf this standard to new and existing
aircraft and to new stores will significantly reduce and stabilize the number and variety of
signals required at aircraft/store interfaces. This wili minimize the cost impact of new stores
on future stores management systems, and increase store interoperability among the services,
within NATO and with our other allies. In practice, true interoperability will not be fully
achieved, but a significant reduction in the support costs will accrue. It is important to
understand that the goal of interoperability does not mean the standardization of all stores or
aircraft systems per se. However, it should mean all NATO aircraft should be able to carry, and
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employ, the NATO stores specific to that aircraft mission, as well as the national specific
solution with minimal, or preferably no, modifications.

4.3 Benefits of MIL-STD-1760 (Generall The perceived benefits are increased

interoperability of aircraft stores and decreased aircraft-store integration time and cost. Some
aircraft system designers argue, however, that the electrical integrat.on costs are
inconsequential when compared to the physical integration problem, and that the standard will
not provide interoperability. The costs of physical integration are not pertinent to the MIL-
STD-1760 issue. The fact remains that millions of dollars are wasted on unnecessarily complex
electrical integration tasks. This problem may increase dramatically as the sophistication and
electrical complexity of stores increase. MIL-STD-1760 alone will not provide electrical
interoperability of various store types. If, however, interoperability is evaluated in terms cf
cost of integrating new stores, and, if the services make and stand by a decision that all new
stores will be MIL-STD-1760 stores, then a quantitative measure of the benefits of the standard
is available.

4.4 The Benefits of the MIL-STD-1760 Logical Desigr Defipition (LDD) A workable logical
definition for aircraft-to-store interfaces can dramatically facilitate the integration of new
stores on an aircraft and enhance the interoperability of a single store on different aircraft.
However, the LDD is widely believed 10 increase the store and aircraft processing requirements.
In some quarters, this is seen as increasing software and processing requirements of both the
store and the aircraft armament system. Howe' ~r, this is far from the case as the example of the
integration of AIM-120 onto the F-16 illustrated, where this integration caused a change of the
inertial co-ordinate definition used on the F-16 avionics. This has now become the de facto
standard within MIL-STD-1760A Notice 3, which means that any future SSI store requiring this
function must use the “standard® way and at least both F-15 and F-16, which are both AIM-120
integrated, will also be compatible. On the store side of the interface, the need to accommodate
the 15538 word and message lengths has also been an issue, that is why not allow, say, 4 bits of
x length transmitted as 1 word every y milliseconds or h length transmitted as 2 words every y
milliseconds or x length transmitted as 4 "words" every | microseconds? The cost and time
associated with integrating a new store on existing aircraft or fielding a new aircraft capable of
interface with a wide variety of unique store interfaces outweighs any extra effort or costs
involved with adherence to the standard. Bus transceivers, decoders, and memory elements are
dropping in price at a dramatic pace. The same applies to the CPU and other processing elements
residing within the store. Other than price, capability must be considered. The ultimate
Capability provided by implementing interfaces meeting the standard will certainly be higher
and more easily achieved than is presently the case in the weapon community. Rarely has an
increase in weapon capability been sasily or cheaply attained. It adherence 1o the logical design
requirements provides a store or aircraft with unused capability for future enhancements, then
it appears a good investment. A final point to consider is that once a weapon system such as the
F-16 is capable of meeting a sophisticated store's requirements (AIM-120A, for example),
much of the software and ccntrol capability can be applied relatively cheaply to later weapons.
The AIM-120A transfer alignment, targeting, and initialization schemes might easily be adapted
for future weapons with similar requirements, rather than deveioping new and unique software
modules for each new weapon. The MIL-STD-1760 Logical Design Definition should therefore be
used as agreed to and published. If the interface requirements of the store are relatively
insignificant compared to the capabilities provided by the standards bus and logical definition,
advise the procuring agency of the cost disadvantage and seek guidance on using the Low
Bandwidth alternate (currently under review) or accept the apparent cost disparity.

4.5 Extra Bus Usage Imposed by the LDD Adoption of MIL-STD-1760 and its logical design
definition has generated concemn regarding data bus usage. A general feeling exisls that bus
loading will increase, possibly to unacceptable levels, with strict adherence to the standard. The
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basic protocols of MIL-STD-1553 tend to drive the overall bus usage, not the demands of the
MIL-STD-1760 logical design definition. Secondly, aircraft stores management system
architectures can have as great or greater impact upon bus usage than either MIL-STD-15538
or MIL-STD-1760 reqQuirements. For example, an aircraft with station encoder-decoders
(F-18), or remots interface units on the weapons bus (F-16), as well as stores, will generally
use more of that bus’'s capacity than an aircraft with only stores and the bus controller
(F-15C/D) on its armamenis bus. In other words, given an identical store load, one aircraft
will be using some of its bus capacity for communications above and beyond those required for
the stores, and the other will not. A final point relates bus loading to mission phase. The
greatest load on the bus occurs during the Store Descriplion transfer between the store and
central processor(s) or other stores. Typically, this occurs shortly after system or weapen
initialization when time is not as critical as it is immediately prior to release/launch. Bus
designs should therefore be implem~nted that reduce non-store addresses and take advantage of
the standardized formats, messages, and data entities put forth by the standard.

4.6 Puojected Benefils of MIL-STD-1760

4.6.1 Qperational Benefits These benefits arise primarily from two sources: Interoperability
and Damage Tolerance. As indicated earlier, operational effactiveness must be impaired bty the
inabilily to cross operate stores across specific aircraft within, say, the US Air Force or
between the US Air Force and US Navy or between either and NATO, be the latter Air Force or
Navy. In times of conflict, the provisioning of stnres at sirategic locations able to cope with the
variations in requirements, air to air or air to ground or air to ship, must be a costly lkyistics
nightmare and certainly beyond the scope of most NATQ countries. it must therefore bg
immense value to be able to design storas which physically (connectors and wiring) are
interoperable. In terms of data availabiiity and the appropriate software “control,” it will
probably be some years before interoperability can be achieved. However, thare is no reason
why aircraft could not carry the appropriate control aigorithms on a permanent “just in case®
basis, providing the appropriate data is available from the prime sensors. Furthermore, it may
be possible to employ a store ir. a useful, but degraded mode, where other more effective
alternative:: are out of stock. The advent of digital cominunication between stores and aircraft
also means that a lot more infcrmztion can be made available regarding damage, be it battle or
failure, enabling the aircraft to utilize degraded operation modes as applicable. It should also be
possible for other aircraft equipmaents, either duplicated SMS hardware (even distributed
processirg within the SMS LRUs) or non SMS equipment to assume a processing role. Of course
in the lziter case access to the multiplex bus wou!d be required and with the probable exclusion
of Arming and Release functioris. Many current stores have no means of indicating that all analog
signals transmitied from the airccaft have indeed arrived. This means that no indication of
capability or serviceability is available and furthermore, even it they did arrive, ‘vhether the
store is viilizing them correctly. The advent of the multiplex data bus should alleviate this
problem. Additionally, the fact that the Multiplex Data Bus is redundant should have significant
benefit against cable faults, battle damage or otherwise and, providing duplication has been
provisioned, tus controller failure, batlle damage or otherwise.

4.6.2 Physical Benefits

Same connactor(s) used for SSI stores

Same LRU hardware used for SSI stoies

Same A/C wiring used for SSI stores

Connector at ASI can possibly be used for existing store control

No increase in aircra’ wiring or LRU hardware increase affecting aircra‘t weight
(Note: the Increase in weight due io software update is not considered significant)
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4.6.3 System Benefils
a Generic system solutions

b. Generic system design for implementing MiL-STD-1760A
- clearly defined interfaces between SMS equipments
- simple SMS design provides high mission success via reconfigurable
interfaces
- reduced aircraft/store integration effort

¢. Reduced Integration Cost
- minimized systems modifications
- minimized documentation changes
- distributed processing enabled

d Reduced Integration Time
- minimized systems modifications
- reduced software QA problems

¢. Safety Maintained
- standard secure formats
- restrictions on interface formats

4.6.4 Equiprie> Benefits

a Comn:on hardware capability for AlIS
- reuse of proven designs
b. Common AIS interface to Armament Bus and Stores gives reduced integration effort
and cost
- ability to optimize hardware
- increased intervals betweer: upgrades

46.5 Software Benefils

Transportable/Reuseable software due to MIL-STD-1760 Logical Design Definition
Better documentation and configuration controi using high order languages
Reduced size of Software updates
Program code size
Reduces cost of successive Software validation exercises.
Performance improved

- reduced requirement for reformatting

- ability to implement some protocol in hardware thereby reducing
software execution requiremunts

4.7 Proposed MIL-STD-176Q Control Board MIL-STD-1760 is relevant to all three US
services and NATO. At present, however, the standard is being managed by the OPRs aided b, the
SAE. There is no recognized multi-service forum for resolving MIL-STD-1760 issues. This
has rasulted in significant delays in publication of the standard and can ultimately result in its
being ignored by services or organizations within seivices. Several suggestions have been made
for mulii-service (plus NATO and DOE) MIL-STD-1760 Control Boards with industry
participation as non-voting members. Any one of these suggestions would work. Two examples
of standards with multi-service control boards are MIL-STD-1553 and MIL-STD-1750.
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S. OVERVIEW OF MIL-STD-1760A

This section gives a short overview of MIL-STD-1760A up 1o and including Notice 3.

5.1 |ntroduction to MIL-STD-1760A MIL-STD-1760A is a~ Aircraft to Store electrical
interconnection system dasigned to cover all the foreseeable ;20+years) electrical and oplical,
requirements for stores and their carrying aircraft. It stems ttom the need to minimize the
numbers of wires, with the consequent quantity and variety of connectors, and to digitize the
current analog, not including RF and Video, signals that stores ana aircraft require.

5.1.1 Interfaces Four interfaces are defined in the standard and are listed below. These
interfaces are designed to cater for the carriage of a store on an aircraft with indirect or direct
electrical connections, thai is with or without a carriage store. The interfaces are shown fully,
with a variety of typical configurations, in figure 5.1.

Aircraft Station Interface
Mission Store Interface
Caniage Store Interface
Carriage Store Station Interface

5.1.2 Elements of the Interface There are three hierarchical elements in the interface which
are covered by the standard. The Electrical element concerns the signal set; the Logical concerns
the communications architecture, message content and formatting, and data transfer protocol:
and the Physical concerns the connectors and contacts.

5.1.2.1 Electrical The electrical element is limited by defining 41 contacts and the signals
which they are allowed to support. These signals are distributcd across two connectors, the
Primary iInterface Signal Set connector and the Auxiliary Power Signal Set connector. The
signals that make up these sets are shown in figure 5.1.

5.1.2.2 Logical This element is chiefly concerned wiin the data flow across the Multiplex Data
Bus interface. A breakdown of the prime areas of data flow is given in Paragraph 5.4.

5.1.2.3 Physical This element concerns the conr.ectors. These are MIL-C-38999 Series il
shells using specific inserts, designed to support MIL-STD-1760A, which are now included in
MIL-STD-1560A. The contacts are standard MIL-C-39029 contarts including two 50 ohm co-
axial contacts which have been specifically designed for co-axial cable applications (new Slash
Sheets 102 and 103).

5.1.3 Classas During the development period it was found to be expeditious to allow two classes
of primary interface to which the auxiliary could be added. This should enable a store
specification to indicate which class is available, across its interoperable range of aircraft, for
il to interface with.

5.2 Summary of signal sets There are two signal sets, namely the primary interface signal set
and the auxiliary power signal set and thase are shown in figure 5.2. Four classes of interfaces
have been specified from these two signal seis:

Class | - Full primary interface signal set

Class IA - Class | plus the auxiliary pcwer signal set

Class It - Class | minus HB2 and 4 and both the Fiber Oplic and 270V DC provisions
Class IIA - Class !l plus the auxiliary power signal set
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5.2.1 Primary Interface Signal Set The primary interface signal set is composed of interfaces
for both high and low bandwidth signals, digital multiplex data bus signals, a specified number of
dedicated "discrete” signals, current aircraft power and growth for Fiber Optics and 270V DC
power. Each of these interfaces is discussed more fully below:

5.2.1.1 High Bandwidth Interfaces There are four interfaces for transferring two types of
signals. The aircraft is responsible for controlling, assigning and routing the Type A and Type B
signals to their proper destinations on the appropriate high bandwidth line. These lines
«HB1,HB2,HB3 and HB4) have the capability to be interconnected, by the aircraft, for ASI to ASI
and ASI to Aircraft bi-directional data transfers. A Summary of their chief characteristics is as
follows:

a Type A signals: 20 Hz to 20 MHz - Between ASI and Aircraft and between ASI and ASi
b. Type B signal: 20 MHz to 1.6 GHz - Between ASI| and aircraft only
c. HB1: Type A or Type B @ 50 ohm impedance
HB2: Type A @ 50 ohm impedance
HB3 and HB4: Type A @ 75 ohm impedance
d HB1 (Type B): RF
HB1 (Type A) and HB2: time correlation signals
HB3 and HB4: video
e. HB1 and HB2 return is grounded; HB3 and HB4 return is isolated

5.2.1.2 Low Bandwidth Interface This interface is capable of transferring low bandwidth (DC to
50 kHz) signals in both directions between the aircraft and stores. At this time it is used only
for tones and voice grade audio signals. It is not to be used for discrete functions.

5.2.1.3 Digilal Multiplex Data Interface Two channels (Mux A and Mux B) are provided for
transterring digital information, such as store control and store status data, between aircraft
and stores in a dual standby redundant mode. These signals comply with the requirements of
MIL-STD-1553B.

5.2.1.4 Address Interfaca This interface is used to assign a unique MIL-STD-1553 remote
terminal address 1o the connected store. It contains a sel of six discretes (A0 to A4 plus parity)
and one common address return.

5.2.1.5 Belease Consenl Interface This interface is a 28V (nominal) discrete used only to
enable or disable safety critical store funclions being commanded by the aircraft over the Digital
Multiplex Data Interface (see 5.2.1.3).

5.2.1.6 Primary Interlock Interface A primary interlock interface is available for the aircraft
1o monitor the electrically mated status of the Primary Interface connector between store and
aircraft.

5.2.1.7 Primary Structure Ground In order to minimize shock hazards to personnel, this
connection is supplied between the aircraft and store structure. It is not used as a signal or
normal power return path, but may be used as an emergency power retumn at 10 Amps.

5.2.1.8 Primary 28Y DC Power The aircraft provides 28V DC 1 for use on nonsafety critical
store circuits and 28V DC 2 for satety critical circuits. Both are rated at 10 Amperes
continuous. In tact 28V DC 2 may be used for powering any circuitry, but because its prime use
is for safety critical circuitry, the time for which it is likely to be available prior to store
separation is very limited.
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5.2.19 Primary 115Y AC Power The aircraft provides one channel of 3 phase 115V AC iated at
10 Amperes continuous per phase. Store designs which do not utilize 28V DC 2 for powering
safety critical circuits and therefore rely on voltages internally derived from the 115V AC, must
design in appropriate safety interlocks of their own as it is totally impractical for the aircraft to
supply any such safeguards with power availability.

5.2.1.10 Eibet Ootic Intarface The characteristics of these signals are not yet added to the
standard and are not included in class |l interfaces.

S.2.1.11 Primary 270V DC Power The characteristics of this signal is not yet added to the
standard and is not included in class |l interfaces.

5.2.2 Auxiliary Power Signal Set The auxiliary power signal set consists of an interfock
discrete, structure ground and aircraft power.

5.2.2.1 Auxiliary interlock Interface An auxiliary interlock interface is available tor the
aircraft to monitor the electrically mated status of the Auxiliary Interface connector between
store and aircraft.

5§2.22 Auxiliary Structure Ground In order to minimize shock hazards to personnel this
connection is supplied between the aircraft and store structure. It is not used as a signal or
normal power return path, but may be used as an emergency power return at 30 Amps.

5.2.2.3 Auxiliary 28Y DC Power The aircraft provides one channel of auxiliary 28V DC power
rated at 30 Amperes continuous. It is intended for safety critical use and therefore has the same
‘rules’ as Primary 28V DC 2.

5.2.24 Auxiliary 115V AC Power The aircraft provides one channel of auxiliary 115V AC
power rated at 30 Amperes continuous per phase. As for the Primary 115V AC power, no power
availability safteguards will be provided by the aircraft.

5.2.2.5 Auxiliary 270V DC Powar The characteristics of this signal is not yet added to the
standard and is not included in Class IlA interfaces.

5.3 MIL-STD-1760A Connectors Types It is important to note that MIL-STD-1760A only
specifies that the connectors being used must have intermateability with MiL-C-38999 design.
This is to allow connectors 1o have modifications, say a backfitting thread increase, which do not
atfect intermateability. MIL-C-38999 connectors which can be used fall into three categories
listed below. In all cases a shell size 25 is required. Furthermore, there is no difference in
these requirements between primary or auxiliary connectors except for the insert arrangement.

Fixed sockets - 38999 Slash Sheet 20 or 24
Free plug - 38999 Slash Sheet 26
Snatch plug - 38999 Slash Sheet 31 (lanyard release)

5.3.1 |nterface Usage The three basic categories discussed above, have applicability as follows:
Slash 20 or 24 (Jam nut or flange mount) can be used at the ASI, CSI, CSS! and MSI; Slash 26
can be used at the “top” of the umbilical, that is it is the mating half for the ASI| and CSS!.
Providing the carriage store were not jettisonable, the Slash 26 rnay also be used, on a special
umbilical, as the mating half for the CSI, that is the *top" and bottom’; Slash 31 can be used at
the “bottom* of the umbilical, that is it is the mating half for the CS! and MSI. It should be noted
that, at this time no connector requirements are specified for the MSI, or its mating half, used in
Rail Launch applications.
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5.3.2 Connector Inserts Two connector insert arrangements are specified 10 fit the shells
discussed above. These inserts are for the Primary and Auxiliary applications and are defined in
MIL-STD-1560, arrangements 25-20 and 25-11 respectively. No other insert arrangements
are authorized.

5.3.3 Connector Contacts These contacts are those specified in MIL-C-39029 as listed in
MIL-STD-1760A. At this time, MIL-STD-1760A requires amendment 10 add two contacts, a
mating pair, to the Primary arrangement list. These contacts, Slash Sheet 102 and 103, are the
pin and socket contacts, respectively, required for the High Bandwidth 1 and 2 applications. It
has been necessary to develop new contacts which are specifically designed for 50 ohm co-axial
cable, in order to meet the stringent VSWR requirements of the MIL-STD-1760A High
Bandwidth 1 instaliation.

5.4 Summary of the Logical Design Definition (LDD) The LDD, as defined in paragraph 2.3, has,
of January 1987, been issued with amendments as formal notices 1, 2 and 3 to
MIL-STD-1760A. Their content is as follows:

5.4.1 Notice 1: (US Navy only)

Power Up Sequence

MIL-STD-1553 Subaddress allocation

Store Description message including weapon identification scheme and Data Checksum Algorithm
(additional to MIL-STD-1553)

5.4.2 Nolice 2: (Joint Service)
Content as Notice 1

5.4.3 Nolice 3: (Joint Service)

MIL-STD-1553B Command and Status Word Requirements (includes further sub-address/mode
field applications)

Protocol Execution

Mass Data Transfer

Safety Critical Message Requirements

Non-Safety Critical Message Requirements

Standard Data Entitigs (includes standard coordinate systems)

5.4.4 Logical Design Definition (LDD) Discussion The discussion that follows considers each
prime part of the LDD and any major implications of the associated requirements are considered.
Major differences between Draft Notice 1 dated 3 June 1985 and Notice 3 dated 30 January
1987 are noted.

544 MIL-STD-15838 Word Beguirements

$5.4.4.1.1 Command Word [850.1.1] The command word requirements are basically those in
MIL-STD-1553B. Certain field requirements are reinforced or mandated. Within the address
field the broadcast option is limited to mode commands. Within the sub-address/mode field the
following mode commands are mandated:

a Reset Remote Terminal (stores only)
b. Transmit Last Command (stores only)
¢. Transmitier Shuidown (stores only)
d Override Transmitter Shutdown (stores only)
e. Transmit Vector Word (aircraft and slores)
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f. Synchronize With Data (aircraft and stores)
g Transmit Status (stores only)

Further to this the following mode commands are prohibited: Dynamic Bus Control and Reserved
Mode Codes. All other mode commands are permitted with the provision that impiementation of a
permitted mode code by the aircraft or store does not require the store or aircraft to reciprocate.
Note that certain permitied mode commands are required to be paired. Within the sub-
address/mode field the following sub-addresses have been allocated:

a Routing Control/Monitor - 03
b. Routed Data - 05
c. Store Description - 06
d Nuclear Weapon - 07
e. Test - 08
f. Mission Store ControV/Monitor - 11
9. Linked Messages - 14

54.4.1.11 Notice 3 [B40.1.1] There are no prime mode code differences. Sub-address
allocation differences are as foliows:

a Routing Control/Monitor - Eliminated
b. Routed Data - Elim'nated
c. Store Description - 01
d Nudlear Weapon - 19 and 27
e. Mass Data Transfer (Linked Messages) - 14

5.4.4.1.2 Status Word [850.1.2] The status word requirements are basically those in
MIL-STD-1553B. The implementation of the Service Request, Busy, Sub-system Flag, and
Terminal Flag bits are regulated by MIL-STD-1760A.

544121 Noticy 3 [B40.1.2] There are prime differences between the implementation of the
foliowing two bits: Service Request and Sub-system Flag.

5.4.4.2 Protocol Execution

54.4.2.1 Protocol Checks [B850.1.5.1] Protoco! checks are listed below. The stre is required
to conduct protocol checks on all receive messages that can initiate satety critical actions and
must do so within the allowed busy time. All other checking is optional, but must still be carried
out within the busy time, if implemented.

Verification of Sub-address

Verification of Checksum (if implemented)
Verification of Header

Verification of Critical Authority and Control

54.42.1.1 Notice 3 [B40.1.5.1] The requirement for verification of sub-address has been
removed as has the requirement o carry out the remaining checks within the busy time. A
"protocol check" failure reporling mechanism has been included.

54.4.22 Checksum Bequirement [B50.1.5.2] A checksum aigorithm (Rotated Modulo 2) is
specified in the slandard. This is the only aigorithm which may be used and its use is optional
and determined by the store. When implemaented, it is positioned in the last word of the message
and when not implemented the last word has the value of 0000 HEXADECIMAL
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544221 Notice 3 [B4C.1.5.2] The aigorithm is unchanged. However, ils use is now
mandated on all threa standard messages. When implemented, under the option rule, it is still
positioned as ihe last word, but when not implementad this last word is a data entity.

54.4.23 Execution Time [B50,1,5.3] Indication to the aircraft of the execution ot the protocol
checks is provided by the setting of the busy bit. The maximum time for which busy may be set
is 1500 microseconds and provision is made for the store to report its actual maximum busy
time. Othar busy bit implementatior.s, including time maximums, are included in this
paragraph.

5.4.4.23.1 Nolice 3 [B40Q.1.5.3.] Basically, indication is no longer given to the aircrafi
because the busy bit maximum time has been restricted to S0 microseconds. There are certain
other busy bit implementation changes also, mainly to bring MIL-STD-1760A and
MIL-STD-15538 Notice 2 into line with each other.

5.4.4.2.4 Messace Acknowledgment [850.1.5.4] Stores acknowledge receipt of a messaga if t*.
status word response is generated with: Messagr Trror bit set 10 iogic O, Service Kequest bit set
1o iogic O. Busy bit set to ingic O, and Service Raguest bit set to logic O in the subsequent status
word, providing the Busy bit is also set io logic O.

£4.424.1 Notice 3 This requirement has been eliminated.
5.4.42.5 Service Requiremetil Noftification [B50.1.5.8] Service request notification uses the

service request pit in the Staws word. Multiple requssts, that is more than one request
condition active, are aliowed and the implementation is spacified.

5.4.425.1 Motice 3 [B40,1.5.4] Obviously the service request bit is still in use, but multiple
requests are handled in a totally diffarent imniementation.

5.4.42.6 Bequest Sgryicing [£50.1.5.6] The aircraft extracts the servicing required
informa* >n by demanding the Vector Word. [t must do this on a high priority basis and
ccknowledge raceipt. The vector word content is defined.

544261 Nofice 3 [B40.1.5 5/6/7) The aircraft still extracts the servicing required data
by use of the vector word. However, the priority requirement has been eliminated as has the
receip! acknowladgmant. The vector word content has been completely redefined and a'so
incluaed are the rules tor retention of both the vector word and any associated sub-address
contents. Both the LOD and Notice 3 use a figure tc show the general form of a service rec::est
protocol and it is important to note that these now have total'y d.fferent protocols.

5.4.4.27 Request Acknowledgment [B50,1.5.7] A protocol for vector word receipt is fully

defined including the responses when multiple requests are being serviced.

54.4.27.1 Nitice 3 These raquirements have been eliminated.

54.4.2.8 Faull Notification {BS0.1.5.8] This paragraph provides the rules fcr use of the

service request bit in the status word.

5.4.4.28.1 Noiice 3 This paragraph has been eliminated by folcing the requirements inio
B40.1.2.3.




5.4.4.2.9 Data Consjstency [B50.1.5.9] The data consistency requirements are spelled out here
and this includes a protocol for the recipient of the consistency state.

5.44.29.1 Notice 3 This requirement has been eliminated.

5.4.4.3 Linked Transters [B50.1.5.10] The linked transfer requirements are undefined, but
sub-address 14 is reserved for this purpose.

54431 Nolice 3 [B40.1.5.8] This requirement is now called Mass Data Transfer and the
sub-address 14 reservation is now in use for its intended purpose. A full protocol is specified
for bi-directional data transfer called out as Download Mode (aircraft io store) and Upload Mode
(Store to Aircraft). Allowance has been made for transfer of up to 255 files each containing up
to 255 records where a record is up to 255 blocks of 29 words, that is 29 X 255 X 255 X 255
or 1.885,725 data words per file. Three basic types of messages are used:

a Transfer Control (TC) - The aircraft uses this message to control the mass data
transfer protocol.

b. Transfer Monitoi {TM) - The store uses this message 1o advise the aircraft of
transfer status.

c. Transfer Data (TD) - This is used by either aircraft cr store for the actual data
transfer.

5.4.4.4 Cariage Store Routing [B850.1.5.11] The procedure is undefined. However, sub-
addresses 03 and 05 are reserved for this purpose and the MIL-STD-1760A message length is
astablished as 30 (thirty) words to allow introduction of this facllity at a later date.

54441 Notice 3 [B40.1,5.9] The procedure is still undefined and the reservation of sub-
addresses 03 and 05 has been canceled. All messages are still restricted to 30 (thirty) data
words, although Carriage Store Routing is no longer specified as the reason.

5.44.5 Message Requirements [B850.2] The requirements for both standard and non-standard
data messages are fully defined, with the former restricted to those tor Critical Control, Critical
Monitor and Store Description.

54451 Base Message Formats [B50.2.1] The message is defined as a 30-word message

consisting of:

a Word 01 - Header (some header words already defined/reserved)
b. Word 02 - Validity words (1 bit per word with bits 15 and 16
c. Wnrd 03 - of word 03 always set to logic 0)
d Wcrd 04 - Data words {up to 26 data words are available fcr use)
thru
Word 29
e. Word 30 - Checksum or 0000 HEXADECIMAL (LAST WORD if 26

data words are in use)

544511 Notice 3 [B40.2.1] The message is still defined as a 30-word message, However,
the make up of the message is slightly different in two ways. First, the data word field Is now
02-29 with the validity words optional, both in use and position, for all except critical
rmessages. Secondly, the checksum use is optional for all non-standard messages and there is no
longer a requirement to use the aiternative of 0000 HEXADECIMAL.

5.4.45.2 Mission Stora Conirol [B50.2.2.1] This is a 30-word message, utilized as follows:
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Header (0400 HEX)
Validity

Control Words (14)
Reserved Words (12)
Checksum

cpoop

The 14 control words can be further broken down:

Critical Control 1 and 2

Critical Authority 1 and 2

Aircraft System Time (2)

Fuzing Mode Selection

Arming Time/Distance for various modes (4)
Selection of Rata or Number to Fire

Discrete Control 1 and 2

©~opooP

£4.4521 Notice 3 [B840.2.21] Prime ditferences are the reduction in control words from 14
to 11 and the consequent increase in reserved words from 12 to 15. The control word changes
are that the Aircraft System Time and Discrete Control has been eliminated and selection of rate
or number to fire has become 2 (two) words, entitled Fire Interval and Number to Fire.

5.4.4.5.3 Mission Store Monitor [850.2,2.2] This is a 30-word message, utilized as follows:

Header (0420 HEX)
Validity

Monitor Words (3)
Reserved Words (3)
Checksum

PRpROOTP

The 3 monitor words can be further broken down:

a. Store Identity Code
b. Status of Critical Control 1 and 2

5.4453.1 Nolice 3 [B40.222] Prime differences are the increase in monitor Words from 3
lo 4 and the consequent reduction in reserved words from 23 to 22. The monitor word changes
are; he Store Identity Code eliminated, Fuzing/Arming Mode Status added, and Protocol Status
added. The Status of Critical Contro! 1 and 2 words have been re-named Critical Monitor 1 and
2

5.4.4.5.4 Slora Descriplion Message [B50.2.2.3] This message basically provides two
tacilities: Store Identification, either binary or alpha-numeric, and Store Data Transter
requirements. The store identification facility is discussed first. 2 30-word Store Description
A message is utilized as tliows:

Header (0421 HEX)

Store Descripiion Page Number (0 DECIMAL)
Country Code

Storo Identity Code (BINARY)

Store Type ASCII (5)

Implementation of Receive Sub-addrasses 0-31 (2)
Implementation of Transmit Sub-aidresses 0-31 (2)

@ ~oaoow
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h. Maximum Receive Busy Time

i. Maximum Synchronize Mode Command Busy Time
j. Maximum Power-up Busy Time

k. Maximum IBIT Busy Time

I. Reserved Words (12)

m. Checksum

The store description page number word (0) and the four sub-address implementations are
connected with the Store Description B utilization. The five store type ASCIl words give in fact
ten alpha-numeric characters because each 16 bit word is split into 2 X 8 segments.

Store Description message B is also a 30-word message and utilized as follows:

Header (0422 HEX)

Store Description Page Number (1-62 DECIMAL)

Header Code allocated o described message

gata Entity Codes for data words 4 through 29 of described message (26)
hecksum

spoop

By use of certain bits in the Synchronize with Data Word mode code, the aircraft can, as an
option, get the store to identify itself (message A) and then select the pages (B messages)
detailing the Ztore raceive and transmit data requirements. These pages are allied to the specific
sub-addresses notified in message A by page number, 1-62. Note that as each message is
described it carries its own unique header word.

54.454.1 Notice 3 [B40.2.2.3] Only the first facility, that given in the old message A, now
remains. It. the Store Description Message, is still a 30-word message, albeit with a slightly
altered utilization:

Header (0421 HEX)
Country Code

Store identity - BINARY
Store Identity - ASCII (8)
Maximum IBIT Time
Resorved Words (17)
Checksum

©c-~opoop

Obviously, with the abandonmant of the Store Data Transter Requirement protocol, the sub-
address implementation and Store Description Page Number words have been eliminated. As
discussed earlier, the use of busy has aimost been totally negated and this has therefore led to the
removal of all the busy time words. Last, but by no means least, further research showed that
10 alpha-numeric characters was insufficient for certain ‘pod' stores, for example
AN/ALQ-137A(V)10, and consequently 8 (eight) words have been allocated for this function.
These 8 words are, once again, split into 2 X 8 segments giving the requisite 16 alpha-numeric
characters.

5.4.455 Nuclear Weapon Control Massage [B50.2.2,4] This is not a standard message required
by MIL-STD-1760A, but may of course have such a requirement specified in the System 2
Specification. However, MIL-STD-1760A does specify that receive sub-address 07 is reserved
for these messages.

5.4.455.1 Notice 3 [B40.2.2.4] The reserve requirement has been changed from one to two
sub-addresses namely 19 and 27.




5.4.4.5.6 Nuclear Weapon Monitor Massage [B850.2.2.5] This is not a standard message
required by MIL-STD-1760, but may of course have such a requirement specified in the System
2 Specification. However, MIL-STD-1760A does specify that transmit sub-address 07 is
reserved for these messages.

54.45.6.1 Notice 3 {B402.2.5] The reserve requirement has been cnanged from one to two
sub-addresses namely 19 and 27.

5.4.45.7 Nop Standard Messages [B50.2.1] All messages not discussed earlier fall into this
category. These messages are of any length, as determined by the store, from 5 (five) to 30
(thirty) words. Utilization is as follows:

a Header

b. Validity (2)

c. Data Entities, as chosen by the store and registered in the ICD (1-26)
Checksum

a

54.45.7.1 Notice 3 [B402.1] There are two prime differences introduced by Notice 3,
namely: Validity is optional and Checksum is optional. This, therefore, gives a possible message
length of 2 (two) to 30 (thirty) words incorporating 1-29 Data Entities.

54.4.6 Standard Data Eptities {BS0.3] These, utilized as described earlier, are split into four

categories:

Control/Monitor and Protocols (43) Aircraft Data (74)
Target Data (52) Traiectory Data (54)

With the data entities are seven diagrams defining:

Aircraft Axis Syslem Store Axis System
Earth Axis System Aircraft-Store Alignment
Earth-Aircraft Alignment Target Position XYZ

Target Position - Store Trajectory [polar]

5.4.46.1 Notice 3 [B840.3] Major differences are in the seven diagrams and the numbers of
data entities which, overall, increased the coverage. Typically these are:

Control/Monitor and Protocol (24) Aircraft Data (81)
Target Data (67) Trajectory (42)

With the data entities are eight diagrams defining:

Aircraft Body Axis Store Body Axis

Earth Axis (unchanged) Aircraft-Store Alignment (very
difterent)

Earth - Aircraft Alignment (some notes Aircraft, Target and Waypoint Position

very ditferent) XYZ to fixed point

Target and Waypoint Position XYZ from Target Position - Store Trajectory

current position [polar] (minor change)
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6. THE MIL-STD-1760 APPLICATION PROCESS

This section covers the process by which the MIL-STD-1760 requirements should be coverad by
system design.

6.1 Definition of the MIL-STD-176QA Appiization Process The MIL-STD-1760 Application
Process encompasses all those aclivilies that are associated with the implementation of the AEIS
in an aircraft or store prograin. These aclivities are those which are concerned primarily with
the solution of the intaronerability requirements of the aircraft and stores, but also considers
those which are specific 1o the design of particular avionic subsystems, and which may
incorporate non-AlS functions. Clearly, there is a fine dividing line between these two types of
aclivity. The biggest problem in defining the proper domain or boundaries of MIL-STD-1760
implementation requirements occurs in defining how “"deep” into the subsystem which supports
the interface, (usuaily the stores management system), that requirements must be defined. At
one extreme, the implementation of MIL-STD-1760 consists of merely supplying the conneclors
and associated wiring, to which the specified functions are supplied. The other extreme involves
the design of ah the subsystems which are behind the interface. These may include all the
elecironic subsystems in the case of stores and, in the case of the aircraft, such subsystems as
the SMS, the power distribution system, the analog networks, the aircraft dala acquisition
systems, and an element of aircraft wiring. This document addresses, principally, the
implementation of MIL-STD-1760 cn the aircraft side of the inteface. The point at which the
dividing line between MIL-STD-1760 implementation and subsystem (or equipment) design
should oe drawn is & subjective issue, and nay well, in practice, depend upon the constraints
that prevail in a particular implementation (Seclion 7 describes those functions that are
considered to be contained within the AIS). Any discussion providing practical implementation
guidance must clearly cover particular system, hardware and software considerations and as
such the discussion must encroach on the avionic/store subsystem designs. Consequently, it is
important firstly to define the boundary, or definition, of the system which will implement
MIL-STD-1760, that is the AEIS Implementation System (AIS). Thus, this document addresses
the zpplication processes and implementation issues which are associated with the AIS as it
impacts the aircraft. The MIL-STD-1760 Application Process tends to follow the phases of any
normal acquisition program. These phases may be summarized as:

Phase 1 - AIS System Definition Phase 2 - AIS System Performance Definition
Phase 3 - AIS Design and Development Phasa 4 - In-Service and Planned Improvements

Figure 6.1 shows the principal issue 3 that need 10 be considered during each of these phases. The
paragraphs of this document discuss implementation issues and guidance associated with each of
these phases. The following table <.l uefines the content of each paragraph.

6.2 Discussions of !ssues and Guidelines in Sections 7 Through 13 As indicated in table 6.1,
sections 7 througii 13 include the issues and guidelings relevant to each stage of a
MIL-STD-1760 implementation. Each of these paragraphs include a list of issues which relate
to the paragraph title. The issues and related guidelines have been derived from four models,
which separately studied the implementation of MIL-STD-1760. These are defined as:

a The AEIS Valcation System Rig (AVS RIG). This is a full hardware and software
implementation of MIL-STD-1760.

b. The F-16 Case Study (F-16C/D). This study undertook a MIL-STD-1760
implementation design on the F-16C/D aircraft.




1. AIS System
Definition Phase

e Aircraft Requirements
f:lghur, Bomber, Ground Attack, ASW, AEW etc.
ost
Timescales
o Aircraft Performance Requirements
Physical
Basic Sensors
Scfety and Misston Success
® Store Types
S.S.L ype
Mandatory non -SSI for which no alternative SSI exists
© MIL-STD-1760 (SSI) class definition
Class 1, 1A, 11, 1A
©® Overall Weapon System Functional Partitioning
MFCD
Ballistic Data Store Location
Emergency Jettison Facllity
Safety Critical Operations vis . a - vis
Non Safety Critical Operations
ete

l_"' 2. AIS System Performance

Definition Phase

® Functional Characteristics

@ Performance Characteristics

o Safety and Success Characteristics

® Physical Characteristics

® Environmental Conditions

© Reliabllity & Maintainability Characteristics

' o System Interfaces (Includes SSI and NSSI Considerations)

3. AI_S_I-)esign and
Development Phase

Functional Partitioning
Internal Interfaces
System Des{}n

quipment Design (Electrical)
Equipment Design (Mechanical)
Software Desl v

Afrcraft Installation
R & M Analyses (FSA)
System Verification & Validation }

Qualification & Certification

4. AIS In - Service and
Planned Improvements Phase

Support Facllities

®
® Application of Emerging Technology
® New Weapons

®

Application to other Alrcraft

FIGURE 6.1 AIS Implementation Phases
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TABLE 6.1 Relationship between Paragraphs and Application Process Phases

Pnhase Section Number | Section Title

AIS System Definition Phase 7 AIS System Definition Issues &
Guidelines

AIS System Performance 8 AIS System Performance Issues &

Detinition Phase

Guidelines (this includes ASI interface
definition)

AIS Design & Development Phase |9

AIS System Design Issues & Guidelines

10

AIS Equipment Issues & Guidelines

11

AlS Software Issues & Guidelines

12

AlS Installation Issues & Guidelines

13

AIS System Integration, Testing & In-
Service Support Issues & Guidelines

¢. The survey of planned MIL-STD-1760 implementation on aircraft and stores.

d General Contractor's Experience.

Each issue has been derived from one, or more, of these models. The source of the guidance has
been derived from one, or more, of the following five processes:

AIS DESIGN activities

spoop

HIGH LEVEL system design considerations

MIL-STD-1760 Test and Evaluation (1760 EVAL) activities
Evaluation of the LDD (LDD EVAL)
Evaluation of the overall AlS System (AIS EVAL)

Table 6.2 shows the applicability of each of these five processes to the four implementation
models. The lists of issues contained in sections 7 through 13 each contain the following

information:

a The paragraph number
b. The issue title

¢. The definition or explanation of the issue
d. Implementation guidance for the issue (This guidance may have been derived from
more than one example. In which case, the lessons l2arned from each example have been

consolidated into ihe guidance givaen.)

Table 6.2 Applicability of guidance source to implementation example

IMPLEMENTATION MODEL GUIDANCE  SOURCE
HIGH LEVEL | AIS Design | 1760_Eval } LDD Eval AIS Eval
AVS Rig X X X X X
F-16 Case Study X X X
Survey X X
Contractor Experience X X

Note: X indicates Issues & Guidelines Derived

6.3 CROSS REFERENCE Section 14 of this document contains an index cross referencing the

issuas, and MIL-STD-1760A.
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7. AIS SYSTEM DEFINITION ISSUES AND GUIDELINES

7.1 QOverall AlS Definition This section describes those issues which relate to the definition of
the AEIS Implementation System (AIS) from an overall system viewpoint. The section contains
the following major paragraphs:

Overall definition of the AIS

Prime objectives and requirements that drive the AIS design
Overall weapon system functional partitioning

Weapon system partitioning guidance

Future growth potential

7.1.1 AIS Defipition

ISSUE: Define the functional boundary of the AIS and how thess functions are implemented in the
Al3.

NNNNN
N WK =

GUIDANCE: The AIS has been defined as the system that implements the AEIS. It is important to
recognize, particularly with existing aircraft, that this is not an exclusive definition. As shown
in figure 7.1, the AIS system may not necessarily be a single specification and procurement
process, and also the equipment or equipments that fulfill the AIS function may additionally
impiement other functions. Where an existing aircraft, or aircraft design, is upgraded to provide
MIL-STD-1760 capability then existing equipment will probably be retained to provide part of
the interface. This existing equipment will then become part of the AIS which will therefore
implement functions other than pure MIL-STD-1760. It is the determination of which functions
should also be implemented in the AIS that is the most important factor in AIS design. Section 7
addresses principally the AIS definition, but also briefly considers non-aircraft functions. In
determining which funciions are included in the AIS, some will usually be judged on technical
considerations alone. While this approach has been followed in much of the information here, it
is important 10 recognize that technical elegance alone is not a true objective. The true
objectivas are those measurable for the aircraft program, ang are essentially cost, timescale and
aircraft performance.
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7.1.2 \mplementalion/Procurement Strategy

ISSUE: Should MIL-STD-1760 be implemented fully or at ali on an aircraft or store program?

BACKGROUND: For most major system development etforts, the Government is careful not to
force specific designs on competing contractors. For this reason, MIL-STD-1760
implementation direction has historically been soft, such as; "the Contractor should consider use
of MIL-STD-1760." Further, as the standard interface is a solution for life-cycle electrical
integration problems and may be seen as an expensive alternative for integrating a single store
lype, pressure will be placed on project offices to grant exceptions o a MIL-STD-1760
interface requirements. Industry cannot solve this problem if they have to provide lowest cost
solutions to immediate electrical integration problems.

GUIDANCE: The government has 1o recognize the longer term benefits of MIL-STD-1760 and
accept the initial investment required for its implementation. Criteria for selecting
implementation targets could be:

a All new store developments (or major modifications)
b. All future aircraft
¢. Existing aircraft integrating new stores

Industry and the government could also ensure that even when MIL-STD-1760 is not directed,
the design is not one that inhibits downstream implementation of the standard.

7.1.3 Parial MIL-STD-1760 Implementation
ISSUE: Whal is the useability of panially compliant MIL-STD-1760 interfaces?

BACKGROUND: MIL-STD-1760 contains many specific and detailed requirements. With an
aircraft such as the F-16 there are existing equipments that provide many of the MIL-STD-
1760 features aithough not necessarily with full compliance to the requirements. An example of
this is current limiting. Some of the MIL-STD-1760 requirements such as 1.6 GHz only apply
lo store types not planned for all locations on the aircraft. Arguments could be formed that these
requirements need not then be implemented.

GUIDANCE: The use of partially compliant MIL-STD-1760 interfaces is not permitted. MIL-
STD-1760 implementation on aircraft is intended to remove the requirement for further
electrical modification during the airframe life. Implementation of non-compliant sub sets will
lead to uncertainty as to the aircraft compatibility of future stores. To avoid unnacessary costs
MIL-STD-1760 provides for four classes of interface (1, IA, 1!, 1A) and implementations must
conform to the relevant requirements.

RATIONALE: All MIL-STDs are subject to review and any requirements found to be unreasonable
should be removed from future issues (or notices).

7.1.4 |mpact of inlegrated Avionics
ISSUE: How is the boundary of the AIS defined in an integrated avionics architecture?

BACKGROUND: The trend towards integrated avionics is typified by programs such as Pave
Pillar. Although these programs have as their prime objectives reduced lifetime cost and
increased performance the program together with various supporting technology programs have
produced several design implementations. These include:
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A common system architecture
Specifications for backplane and high speed bus connections
Common modules such as processors, interfaces
Flight line removability of modules
Integration of multiple systems into 3/4 ATR form racks.
f.  Multiple processing tasks on single modules and redistribution of processing tasks for
fault tolerance

epoop

These concepts are shown in figure 7.2.

GUIDANCE: The potential problems in defining the AIS boundary arise from points e and f. above.
The following guidance should clarify the position:

a The lack of an LRU physical boundary in an integrated rack does not mean that there is
no AIS boundary. If various modules inside that rack can be determined as AlS modules then their
boundary forms the AIS boundary.
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b. The use of shared data buses and shared processing between the AIS and other
funclions (excluding the SMS) is discouraged because of the high safety requirements and the
difficulties in proving integrity in such a shared system. See also paragraph 9.

c. If adata bus is shared between the core AIS and another system then that data bus
becomes in effect part of the AlS. The AIS then also implements Data Bus control for the other
system. This however does not mean that the AIS becomes the whole avionics. The core AIS is
restricted to those electrical interfaces and data directly connected with the MIL-STD-1760
interface.

d. If a module is shared between the core AIS and another system then that module data
bus becomes in effect part of the AIS. The AIS then also implements features of the other system.
This again does not mean that the AIS becomes the whole avionics. The core AIS is again
restricted to those electrical interfaces and data directly connected with the MIL-STD-1760
interface.

e. Where the allocation of modules and/or data buses to different functions is
dynamically reconfigured for fault tolerance then the boundary of the AIS will be dynamically
reconfigured at the same time.

7.2 Program Objectives As described above, the prime objectives are cost, timescale and
aircraft performance. These are discussed here in aircraft terms. It is important that these
objectives are clearly set for the aircraft program, and set in outline for the AIS program before
the AIS definition commences. Only then can correct decisions be made relating to the
implementation of the AIS,

7.2.1 Cost Factors
ISSUE: What are the AIS Cost Elements and what is their magnitude?

GUIDANCE: AIS Cost has three elements: cost of ownership, cost of production, and cost of
development. The split between these depends on the number of aircraft involved in the program.
Clearly it only one aircraft was produced (as in a demonstration program) then the development
costs might exceed all the other costs. It is the general case, however, thal the Cost of Ownership
exceeds the Cost of Production which exceeds the Cost of Development. In determining the cost
constraints of the AlS, therefore, priority should be given in that order to the costs.

7.2.1.1 Cost of Qwnership it is difficult to set cost constraints in monetary terms for this
element. This is because of the uncertainty of the length and mode of service the AIS will
experience. It is preferable therefore to set limits on the factors that effect Cost of Ownership,
and these are the maintenance, test and operation costs reflected in elements as shown in table
7.1. Specific limits for these factors will depend on the specific aircraft and service
requirements.

7.21.2 Cast of Productlion It is easier to place a cost limit in monetary terms on production
cost. It is common for an overall target cost for repeat aircraft (build or retrofit) 1o be set at an
early date, and it is not difficult to assess the AIS portion of this. From previous experiencae, it
can be' stated that for a new aircraft the AlS cost might be between 1-2% of the repeat cost of the
aircratft.
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TABLE 7.1 Table of Cosl of Ownership Factors

Factor Sub-elements
Maintenance Reliability (Mean Time Between Defects - MTBD)

Mean Time to Repair (MTTR)

Mean Time to Diagnose (MTTD)
Required Spares

Scheduled Maintenance per Flight Hour
Equipment Lifetime '

Test | Support Equipment Required
Mean Time-l0-Test (MTTT)
BIT Modes and Level
Operation Average crew time for AlS per mission

Support Equipment

7.2.1.3 Cost of Development It is only possible to set limits on the cost of project specific
development. Non-specific research and development, whether contractor or govemment
funded, can only be assessed and limited by consideration of more global factors. The limit to be
set on the AIS development cost will depend on the specific nature of the project, but for a new
aircraft program a cost of 1% of the total development cost would not be unexpected.

7.2.2 Timescale Factors
7.2.2.1 Deyvelopment Timescales

ISSUE: What are the timegscale considerations?

GUIDANCE: Timescale is an important factor to be defined before design consideration of the AIS
is undertaken. On a typical aircraft development project, times of 3 years to first full system
flight, and S years to in-service date might be expected. For many programs a limited capability
AIS/SMS (jettison only) may be required at an early date to allow developmental flying. It is
important that the project-specific timescales are recognized at an early date.

7.2.2.2 Aircraft and Store Timescale Compatibility
ISSUE: Will aircraft be MIL-STD-1760 compatible in time for MIL-STD-1760A weapons?

BACKGROUND: This issue concerns the problem of various aircraft and weapon programs
implementing MIL-STD-1760 in different and potentially conflicting timeframes. An exampie
is a complex air-to-ground weapon requiring full MIL-STD-1760 capability with an I0C of
1995, when the associated aircraft will not have a full implementation until 2000.

GUIDANCE: A resolution of this issue could be the establishment of a MIL-STD-1760 Controi
Board reporting to management levels within DoD. This is the same as that for other management
issues. A Control Board could be implemented that can diclate compatibie implementation
direction among different programs, support implementation funding, and monitor
implementation decisions. This board would establish policies that will ensure compatible
implementations.




7.2.3 Define Aircraft Performance Bequirements

ISSUE: Define overall aircraft requirsments which impact the design of the AIS (such as Mission
Success, System Safety, Physical Constraints).

Aircrafl_Program Without a clear understanding of the aircraft mission and performance
requirements, definition and subsequent design of the AIS will be poor. Aircraft performance has
many elements, but the most relevant are listed below. Only when these factors have been fully
defined can the AIS contribution be defined. Section 8 provides specific AlS perfoimance
requirements.

Missions Strategic
Tactical
Defense
Stores Number of Locations
Different Types
Rates of Employment
Targeting Information Sources
Accuracy of Delivery
Safety Hazards per Hour
Mission Aborts per Hour
Weight
Flight Envelope Temperature
Altitude
emMC

7.3 Overall Weapon Syslem Funclional Paditioning
ISSUE: Which weapon system functions should the AIS Implement?

GUIDANCE: Once the high lavel objectives have been set, as described in paragraph 7.2, the
aircraft implementor can commence definition of the AlS. The first phase of this is to determine
the key functions the AIS will execute. The key decision in this determination wili be whether 1o
implement a separate AIS or one combined with the Stores Managemaent System function.

ISSUE: Shuuld the AIS be implemented in the Stores Management System?

BACKGROUND: Although there is no common definition of an SMS for aircraft (different
functions are implemented in ditferent aircraft SMS) there is a common core of SMS functions
nearly always implemented. These are:

Weapon Inventory
Store Selection
Arming Control
Release Control
Jettison Control

it is common for the SMS to impiemont control of power and data interfaces for existing (non
MIL-STD-1760) interface stores.

pPRPCRE
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GUIDANCE: Given the above SMS definition, tha AIS shoukd definitely e incorporatad with the
SMS ‘unction for naw aircraft types and if equipment capability or expa::sion capability exists,
then also for retrofit or upg-ade aircraft programs.

7.3.2 Summary ol funciional Paditioning
ISSUE: What ars the main allocations of Weapon Systam functions?

GUIDANCE: Figure 7.3 shows how ail of the functions of the total weapon system (aircraft, craw,
stores) have to be spiit between the AIS the stores and the rest of the aircraft (including crew).
Table 7.2 lists the mcst relevant notential functions ior consideration of inclusion in the AIS.
Paragraph 7.4 provides guidance as o where these furctions should be allocated. Table 7.2 has
teen marked with ‘X' to >now where functicns are defnitely located, ‘o' where they are probably
located, and also a * whure the function would not be ‘ocated in the AlS if a separaie SMS were
implemented.

1

-

//

:;!R%Rﬁgé '
VIONI
AND STORES

Totai Function
Boundary of
Weapon System

FIGUKE 7.3 Weapon system functior partitioning

TABLE 7.2 Weapnon system functions

KEY FUNCTION SUB FUNCTIONS LOCATION
_ alS | STORE | AIRCRAFT |
STOREINTERFACE | MIL-STD-1760 - ASi X
MIL-S1D-1760 - MSI X
Non-AEIS Signals ) .
| Suspansion X
_| Post-taunch 0
STORE STATE State Change Prompt o
 State Command 0
State NMonitor _0
Power Supply Management _ 0
X - definite location of function o - probable location of function

= location of function if a separate SMS implemented
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TABLE 7.2 Weapon system functions - continued

KEY FUNCTION

SUB FUNCTIONS

LOCATION

AIS

STORE

AIRCRAFT

DATATO STORE

Store to Store Data Source

X

Aircraft Raw Data Source

Unique to Store Formatting

| Recomputation to Store Axes

Interface with Store

CATA FROM STORE

Raw Data Source

Unique to User Formatting

Recomputation to Liser Axes

Interface With Aviotiics

STORE SELECTION

Type Determination

Station Determination

Mumber Seleclion

Store_lnitialization_ Management

Release Package Retention

STORE ARMING

Arming Mode Determination

Arming Implementation

Arming Management

o

Arming Times Computation

(+}

STORE RELEASE

Release Protnpt

Suspension Equipmant Management

Weapon Bay .1anagement

[Release Management

L ] » .x

Ralease Timing

oo |0

impact Point Determination

Release Sequence Determination:

Hang-Up Detection

[ ] .x L]

Balance Management

Engine Control Assistaiice

[sJtel (=] [}

STORE JETTISON

Jettison Prompt

Selective Jettison Management

o

[ ] lo

Emergency Jettison Management

Store Safe Verification

(= [}

INVENTORY

Inventory Determination

Inventory Confirmation

Inventory Update in Mission

CREWINTERFACE

Qisplays

| Critical Controls

Non-Critical Controls

o

NUCLEAR CONTROL

Suspansion Equipment (S&RE)

i [

S&RE Management

PAL Code Provision

Two Person Action

Craw Controls

0

Crew Displays

0

.‘oo

X - definite location of function

* = location of function if a separate SMS implemented
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7.4 Weapon System Paditioning Guidanca
7.4.1 Slore interiace
ISSUE: Definition of those store interface functions impiemented by the AIS.

GUIDANCE:

7411 MIL-STD-1760-AS! As shown in figure 5.1, the ASI is the finai point of the aircraft
implementation of MIL-STD-1760. It is therefore not implemenied by the store and, since it is
a pure MIL-STD-1760 function, it is definitely an AIS functivn.

74.1.2 MIL-OSTD-1760-MS| As shown in figure 5.1, the MSI is a pure store function.

7.4.1.3 Non-AEIS Signals These are the signal intertacos to stores such as a Sidewinder and
HARM which do not conform to MIL-STD-1760A. Many signals for such stores are almost
identical in specification to MIL-STD-1760A signals (Examples are powar and video signals).
Even signals such as Sidewinder guidance anaiogs, that are electrically incompatible, contain data
types common with MIL -STD-1760 stores. These cata types would therefore be best computed
and processed by the AIS. Applicaticn guidance for new aircraft is therefore to implement non-
AEIS store signals in the AIS. This may not apply to retrofit of MIL-STD-1760 to existing
aircraft designs. In such cases, it is possible that existing equipment and wiring are present that
adequately implement the required interfaces. Where this is found, then non-AEIS signals
incompatible with MIL-STD-1760 should not be impiemented in the AIS, except where there is
insufficient space for retantion of the existing equipment.

7.4 1.4 Quspension Store suspension i3 a mechanical function and has little in common with
MIL-STD-1760 implementation. It is therefore considered a non-AlS function, but the
management of the store suspensior. racks and launchers may be implemented by the AIS. This is
discussed in 7.4.7. below.

7.4.1.5 Posl Launch Post-launch aircraft-store interfaces can be by radio frequency (RF)
links, laser illumination or direct wire/tiber connection. Thase mechanisms have little in
common with MIL-STD-1760 interfaces and are not best implemented in the AlS.

7.4.2 Slore State
ISSUE: Definition of Store State functions implemented by the AIS.

GUIDANCE:

7.4.21 glate Change Prompt The normal "prompts” for initiating changes in store critical
States are positive crew action (Master Arm, Trigger, etc) or aulomatic analysis of threat data.
State change prompt Is therefore a non-AlS function in general terms. The AlS may be required
to implement store-specific change prompts when a change Is detected in another store.
Examples of this are selecting, arming or releasing a store automatically following failure or
reiease of another store. Although most functionality is concerned with the store critical state
the AIS will have to manage the store mode (for example slaving, locked elc).

7.4.2.2 State Command MIL-STD-1760 specifies in detail the command and data actions

required for store critical state changes. The generation of State Commands is therefore an AlS
tunction.
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7423 Slale Monitor MIL-STD-1760 specifies in detail the critical monitor mechanisms and
data formats. The monitor of store critical state and comparison against commanded states is
therelore an AIS function.

7.424 Power Supply Different sicre states may require diffsrent power supply provisions.
Since the power interfaces are defined by MIL-STD-1760 and the critical state is demanded by
the AIS, then the management of power is an AIS function. Note however that data specifying total
available power is an input to this function and that that data is from a non-AlS source.

7.4.3 Datato Store
ISSUE: Definition of the Data to Store transfers that are processed by the AlS.

GUIDANCE:

7.4.3.1 Store 1o Storae Dala Source Since the data originates in the store this is not an AIS
function. Provision of network paths is considered to be an AIS function, but is defined here
under (7.4.3.5) Interface to Store.

7.4.3.2 Aircraft Baw Data Source Clearly this is not an AIS function, but only when referred to
raw data such as radar returns, air pressure etc. The more the data is processed then the more
likely the tunction should be in the AlS. As guidance, if the data resulting from a process or
computation is only used by stores, then the AIS or even the store should implement that
process/computation.

7.4.3.3 Unique 1o Store Formatling MIL-STD-1760Q defines data formats for stores, but these
are not required o be used by other aircraft systems. Any reformatting requited solely for
stores should be implemented in the AlS.

7.4.3.4 Recomputalion to Store Axes Target and aircraft position data will frequently be
referenced in the aircraft axis system. Store suspension will, in many cases, result in stores
being suspended with significant angular or positional offsets from the aircraft system and,
accordingly, recomputation to the store axes will be required. MIL-STD-1760 provides data
formats for this to occur either in the store or the aircraft. The location of this function will
therefore depend on the store Interface Control Document (ICD). Should this specify the store
axes as the reference for interface data then the AIS will have to recompute to the store axes.
Total system performance will be higher if the store executes the recomputation. The AIS will
alsc be raquired 1o recompute data where aircraft da‘a is not provided in a MIL-STD-1760
compalible axis system.

7.4.35 |Interfacs to Store As discussed in 7.4.1, this is an AIS function.
7.4.4 Data from Store
ISSUE: Definition of the Data from Store transfers processed by the AlS.

BACKGRCIUND: Data frem stores is a similar issue to data to stores, discussed in 7.4.3 above.
Guidance is therefore similar.

GUIDANCE:
7.4.4.1 Baw Data Source Not an AIS functlion, but where the raw data is processed Is a separate
issue. As guidance, store-unique (type or location) processing should be in the store and

aircraft unique processing should be in the aircraft if possible. Only processing generic to all
MIL-STD-1760 stores should be in the AIS.
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7.4.42 Unique to User Formatting This is an AIS function if the user is another store, but
should be an aircraft function if the user is the aircraft. In praclice the aircraft user might be
the same subsystem sourcing data in a non-MIL-STD-1760 format. The AlS is the best location
for such bidirectional reformatting (see aiso 7.4.3).

7.4.4.3 BRecomputation to User Axes As discussed in 7.4.3.4 the store ICD will determine where
this function is implemented but ideally it shouid be executed by the store.

74.4.4 |pterface with Aviopice An AIS function as this is part of the AlS-Aircraft interface.
7.4.5 Store Selection

ISSUE: Definition of the store selection functions performed by the AIS.
BACKGROUND: Siore selection is the function that transfers stores into a ‘Ready for Use’ state.

GUIDANCE:

7.4.5.0 Iype Determination Store type determination during the store selection process is not
an AIS function. This should be imolemented by either direct crew decision or by a threat
management system. The AIS may implement the sub-function of determining which specific
store type. This could apply where air-to-air capability is the pilot's choice, and the AIS
interprets range and other data to select missi'es (long or short range) or gun. Note also that the
certainty of type determination can be safety critical.

7.4.52 Station Deiermipation This must be an AIS function. The data roquired for the function
includes store types, store status, stores loadout and targevaircraft location. The most time-
critical data will be store status and this is already available firstly to the AIS.

7.4.53 Number Selecticn How many stores are selecled is mission state dependent and

therefore is not an AIS function. The crew or threat management system are the best systems for
determining this parameter. Note that the certainty of the number selection is a critical
function.

7.454 Store Initialization Management Store selection will frequently requira more than an
ON/OFF demand. Many current and projected stores implement complex internal iunctions such
as inertial navigation systems (INS). These systems require considerable quantities of data over
periods of time before the store is ‘Ready for Use’. In most cases that data will already be
managed by the AIS, and therefore the management of the store processing of that data is best
executed by the AIS.

7.4.5.5 Release Package Retention It is common for aircrew workload to be reduced by pre-
programming detailed store usage parameters into the aircraft. (This can be by air or ground
crew.) This data is generically known as a Release Package, and is usually recalled when needed
by single switch or voice action. The data can be extremely complex and while only a subset is
usually presented to the aircrew, the full data content has to be transferred to the stores. For
these reasons the AIS is the best system lo retain Release Package data. Other candidate systems
are the Display System or the Stores Management System if this is separate.

7.4.6 Store Auming

ISSUE: Definition of the store arming functions performed by the AlS.
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BACKGROUND: Store Arming is a safety critica’ function not applicable to non-weapon stores.
An armed store will detonate after release, whereas a non-armed store will not. Store fuzing is
the setting of the mode in which an armed store will be employed, for example burst height, and
can therefore only be regarded as safety critical where a mode inappropriate to the employment
has been inadveriently set. Currently, two prime methods of store fuzing are implemented,
namely:

a Air Force - Preset on the ground, either by fitting the appropriate fuze or manually

b. Navy - Set in the air, by the transmission of an analog voltage. Typically + 300V DC
or + 195V DG, in the form of a low current pulsa discharged from a capacitor,

GUIDANCE:

7.4.6.1 Fuzing Mode Determination This is rot an AIS function Aithough six fuzing modes are
defined in MIL-STD-1760 (Impact, Time, Altitude/Dapth, Proximity, Position and
Interterence). the selection of which modes are applicable is mission dependent and therefore a
crew (ground or air) function. The determination can be by preselection (See 7.4.5.5 above).

7.4.6.2 Auming Implementation This is not an AIS function. The final arming 2xecuticn
(detonation or non-detonation) Is executed by the stoie on lanyard removal and this therefoie
implements arming.

7.4.6.3 Amming/Fuzing Mapnagement This should be an AIS functi2. The crew will determine
whether arming should be generally enabled or dicabled. The AIS translates that general
command into the specific formats defined in MIL-STD-176¢C.

7.4.6.4 Fuzing Times/Distance Computatior This shouid be an AIS function where aircraft
safety and target penetration are affected. MIL-STD-1760 defines the formats for fuzing time
transfer, although as yet few projected stores have the ability to use the fuzing time data. The
AlS, once preset with fixed eircraft clearanca and target data, is test placed to recompute fuzing
times from aircraft velocity and height data durirg the mission. For dJata associaled with area
denial or burst height/depth the daia should be ccmputed outside the AIS.

7.4.7 Store Release
ISSUE: Definition of the Store Release functions performed by the AIS.

BACKGRQUND: Store “releass” is a function implemented by the aircraft Stores Management
Systern (SMS). The issues addrassed in this paragraph are essentially more detail on one issue:
Should the SMS and the AiS Le the same system? The early issues of MIL-STD-1760 presumed
this to be the case, and, as discussed in 7.3 above, it is easier for many implementations if this
is s0. The imolementor, particularly when retrofitting MIL-STD-17G0 to existing aircraft,
should consider tnis issi fullv as it may be advantageous to retain a separate SMS. Where
separaia AIS and SMS are implemented, a tightly coupled interface will be required between the
two systems.

CUIDANCE:

7.4.7.1 Belease/Launch/Fire Prompt This is not an AIS function as the aircrew must have
cunuof over this function. Detailed interpretation of these prompts can be an AIS function, or
even an AlS/Stois *unction where execution depends on acquiring a target after the crew prompt
(Weapon Release or Trigger).




7.4.7.2 Quspension Ecuipment Maragement This should be an AIS function. The store
suspension equipment (ejector rack, rail, launchers etc) will requira control from the aircraft
SMS function to initiate or enable store Separation. In many cases this control will depend on
store state and targot data received by the AIS from the store. Interfacing and timing can be
optimizec if the AIS implements the SMS. In implementing MIL-STD-1760 the AIS will already
have a critical data bus (1 in 100,000 hours critical error rate), and will be able to command
store arming, release and jettison via the data bus and release consent signals. The AlS,
therefore, is already implementing the same design features required to manage suspension
equipment, eject cartridge fire and rack unlock functions.

7.4.7.3 Weapon Bay Management This function is required where aircraft have internally
carried stores. During release preparation weapon bay doors will need opening, suspension and
release equipment may need to be repositioned and achieveinent of both verified before store
release. As such these are clearly functions associated with the SMS and should only be an AIS
function if it is implementing the SMS.

7.4.7.4 Separation Management Separation management is the control of all AEIS and other
funclions, such as arming solenoids, during the store(s) separation and the prevention of
separation when not demanded. As considered in 7.4.7.2 above, this should be an AIS function
only if the AIS implements the SMS.

7.4.7.5 Separation Timing This is an AIS function only if the AIS implements the SMS function.
Separation timing is the computation and implementation of precise times of Separation. This is
more relevant where stores have no, or primitive, terminal guidance. Separation timing has
traditionally been impiemenied by a Fire Control Compuler calculating times from Separation
mode, aircraft, air and store ballistic data. Three factors will lead to this separate fire control
computer function disappearing. These are the trend towards integraled processing, the
increasing importance of specific store station data in calculating separation timing, and the AIS
having access to most of the required data to implement the function without any additional data
bus transfers being required.

7.4.7.6 impact Point Determination Impact points for stores can be specified by position;
designation, for example laser; or characteristics. The top level determination of impact point is
a critical tunction and must be determined by crew. This is therefore not an AIS function.

7.4.7.7 Separation Sequence Determination This is an SMS function that should probably be
implemented in the AIS. The sequence of multiple store separations will depend on many factors
including determination of store presence and status. MIL-STD-1760 data bus and interlock
data will be pan of this information which also includes S&RE weapon loaded monitors and
therefore the AIS is a prime system for this function, if a separate SMS is not implemented.

7.4.7.8 Hang-Up Deteclion Similar to Separation Sequence this should be an AIS function
hecause of the store presence data (Interlock, data bus)in MIL-STD-1760. Hang-ups (or store
misfires) can also be caused by failure of stores to receive correctly the MIL-STD-1760 firing
data, and therefore close coupling between the AIS and hang-up detection functions will be
required.

7.4.7.9 Ralance Management Balance management is the function of selecting stores for
separation in such a sequence that aircraft balance constraints are not exceeded. Balance
constraints can be lateral or longitudinal or both. Because of the importance of the hang-up
dstection to this function this should also be implemented in the AIS provided the AIS also
implements the SMS function. It is possible that individual store weight, potentially identifiable
by the AIS through store type data, can be used to enhance execution of this function.
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7.4.7.10 Engine Control Assistance Military aircraft engines can be disturbed or even stopped
by the exhaust gas from powered missile releases. Two techniques have been applied to reduce
this problem. Either the engines are automatically "throttied back™ during missile firing (by
the engine management system receiving a signal from the AIS or other system) or the missile
motor can be programmed to delay firing until clear of the aircraft (see MIL-STD-1760A data
entity 0507). The use of excessive limes for engine 'throttling back’ or motor fire delay could
be severely degrading to mission success, and therefore if a separate SMS is not implemented the
AlS is the best location for this function.

7.4.8 Slore Jlettison
ISSUE: The definition of the Store Jetlison functions that are implemented by the AlS.

" BACKGRQUND: Store jettison is similar to a "release” function implemented by the aircraft
Stores Management System (The guidance in this paragraph does not restate the SMS guidance of
paragraph 7.4.7).

GUIDANCE:
7.4.8.1 Jellison Prompt Must be under aircrew control, therefore it is not an AIS functlion.

7.4.8.2 Seleclive Jettison Management This includes Suspension and Release Equipment
Management and Weapon Bay Managementl. If suspension equipment management is implemented
in the AIS then so should selective jettison management. Another relevant factor is the
requirement for some stores to have classified data erased prior 1o jettison. This erase process
will be commanded by the AIS via the MIL-STD-1760 data stubs, and stores not thus cleared
should be prevented from being selectively jettisoned.

7.4.8.3 Emerqgency Jettison Management Similar to Selective Jettison, this function should
probably be implemented by the AIS.

7.4.8.4 Slore Safe Verification Stores should normally be jettisoned unarmed (safe). For
MIL-STD-1760 stores this should be effected by data bus command prior to jettison, as
disabling of release consent may either not disable arming or may disable the jettison. This
forces a close link between the AlS and the safe before jettison function. It is therefore best
located in the AIS.

749 |Inventory

ISSUE: Definition of those aspects of Store Inventory Management implemented by the AlS.

GUIDANCE:

7.49.1 |nventary Determination Inventory determination is a critical function. If the store
loadout is not correctly known then store misfiring, or even aircraft loss can result. Inventory
of MIL-STD-1760 stores can be determined in two ways. The first method is for the crew (air
or ground) to enter data detailing the inventory. The second method is for the AIS to use the store
description data to identify the loadout. The MIL-STD-1760 data approach has several potential
failure mechanisms that could result in incorrect inventory and therefore the crew should be the
prime source of inventory data. This can be implemented via an inventory panel, mission
briefing data or direct cockpit entry. This function should therefore not be implemented by the
AlS.
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7.49.2 |nventory Confirmation An inventory confirmation function is often implemented
because of the importance of correct inventory determination. This compares the crew declared
inventory with suspension equipment monitors and slore signals. Discrepancies are reported to
the crew. This function is best implemented in the AIS due 1o the precise store type data
available via the MIL-STD-1760 store description data. Other candidate locations are the SMS,
if a separate sysltem, and the display system.

7.4.93 [nventory Update during Mission The store inventory changes throughout a mission as
stores are released or declared hung or declared failed. Both the SMS and AIS functions need an
updated inventory data base 1o ensure correct actions. The AIS through Interiock and siore
monitor data has significant information to provide 1o this function. The function should
therefore be implemented in either the SMS or both the AIS and SMS.

7.4.10 Crew Interface

ISSUE: Definition of the aspects of the crew interface implemente. .v the AIS.

GUIDANCE:

7.4.10.1 Displays Displays are a non-AlS funclion. In modern military aircraft there are few
dedicated dicplays, and a dedicated AIS display panel of any size would be inefficient for cockpit
space and crew workload.

7.4.10.2 Critical Coptrols Critical controls are inputs such as Master Arm, Jettison, Trigger,
etc., which provide prompts to critical SMS and AIS functions such as Arming and Separation. It
is unlikely that the MIL-STD-1760 data integrity requirements can be achieved unless these
controls directly interface to the AlS, and so they should be considered as part of the AIS. It is
likely that they will be implemented as part of the aircraft but the AIS guidelines will still
apply.

7.4.10.3 Non-Critical Conirols Similarly to displays, there is little cockpit space available in
modern military aircraft in which to provide dedicated AIS controls. The non-critical controls
such as select, target, etc., should therefore be shared with other functions and should not be
part of the AIS.

7.4.11 Nuclear Conlrol
ISSUE: Definition of those aspects of Nuclear Weapon Control implemented by the AIS.

BACKGROUND: There are no current MIL-STD-1760 nuclear stores. An interface specification
tor nuclear stores based on MIL-STD-1760 is being developed (System 2).

GUIDANCE:
7.4.11.1 SQuspensiop and Release Equipment (SRBE) Similar to conventional stores discussed in

7.4.1 above, the suspension equipment is an aircraft function and not an AIS function.

7.4.11.2 SRRE Mapagement Similar to conventional stores discussed in 7.4.7 above, S&RE
management couid be an AIS function because of the detail interfacing required with store status
data. The impact of this function on the AIS would be very significant due to the extra integrity
required, and this would in effect be an addition of a separate nuclear system additional to the
AlS. As such this should be a non-AIS function unless a combined AIS/SMS is implemented.

7.4.11.3 PAL Code Provision A crew function hence non-AlS. The AIS will, however, transfer
the data to the store.
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7.4.11.4 Two Person Action This function should be a non-AlS function as it relates to cockpit
layout, organizational procedures and other criteria not relevant to provision of a
MIL-STD-1760 nuclear AIS.

7.4.11.5 Crew Conlrols Crew controls for data demanded by the nuclear interface (arming,
codes, functions) will require careful design to ensure high integrity is retained. These should
therefore be an AIS function.

74.11.6 Crew Displays Similar to crew controls, the displays of data relevant to the nuclear
interface should be an AIS function to retain integrity.

7.5 Euture Growth Potential
ISSUE: What future growth potential is required by the AIS?

GUIDANCE: The history of aircraft and their internal systems shows that modifications are
continually needed to change the “"cumrent" design to match new requirements. For the AIS these
changed requirements will be of two forms: added (or changed) functions, higher (or amended)
performance of those functions. Paragraphs 7.1 - 7.4 have considered the functions that the AIS
should implement. It would be difficult to provide meaningful guidelines for changes in the
functionality of an AIS as the aircraft changes that prompt this will ba too aircraft specific for
general guidance to be given. Section 8 considers the performance required of each function and
oullines potential growth requirements. Specific expansion provision requirements are defined
in 8.3.1.

7.6 Summarty This section (7) has considered the functional boundary of the AIS. As itemized
below, a set of AIS core functions and a set of AIS probable functions have been determined.

AIS CORE FUNCTIONS
MIL-STD-1760 ASI IMPLEMENTATION
STORE STATE COMMAND & MONITOR
POWER SUPPLY MANAGEMENT FOR MIL-STD-1760 STORES
DATA INTERFACES TO STORE
INTERFACE WITH OTHER AVIONICS
MIL-STD-1760 STORE INITIALIZATION MANAGEMENT
MIL-STD-1760 STORE ARMING/FUZING MANAGEMENT
MIL-STD-1760 STORE SAFETY VERIFICATION

EXISTING STORE INTERFACE IMPLEMENTATION
UNIQUE TO STORE DATA REFORMATTING
UNIQUE TO STORE AXES RECOMPUTATION
UNIQUE TO AVIONICS DATA REFORMATTING
STORES MANAGEMENT SYSTEM FUNCTIONS:
SELECTION
ARMING
RELEASE
JETTISON
INVENTORY
CRITICAL CONTROLS (MASTER ARM, TRIGGER eic)
NUCLEAR WEAPON SMS FUNCTIONS (IF REQUIRED)
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8. AIS SYSTEM PERFORMANCE ISSUES AND GUIDELINES

This section discusses those issues which relate to the performance definition of the AlS. The
guidance given relates to generic AlS implementation and may differ from other general
requirements of specific programs. In such cases the higher of the two requirements should
apply. The foliowing major paragraphs are included:

Approach to AIS performance definition

Performance factors associated with each function defined in section 7
Performance factors associated with other characteristics such as reliability
physical and environmental factors

AIS System interfaces with the stores, aircraft and crew

8.1 Approach to AIS Performance Definition

ISSUE: The approach to defining system performance parameters

® oo
LS WN =

BACKGROUND: Section 7 has considered the determination of those functions that should be
included in the AIS. The next level of AIS definition is to define the performance for each AIS
function.

GUIDANCE: Specifying the performance of a function can be executed generically by specifying
factors such as:

Inputs

Outputs

Input-Output dependency
Execution timing
Assurance of execution

®pOOop

These factors can be mapped on to all of the AIS functions. It is more helphul, however, if a more
specific to function definition of performance can be used, these are dascribed in the subsequent
subparagraphs. Most detail is specified for those functions determined as core AIS functions.

8.2 AIS Functional Performance This paragraph contains paragraphs 8.2.1 through 8.2.11.

These provide performance guidance for the corresponding functions of paragraphs 7.4.1
through 7.4.11.

8.2.1 Jiore Interface Performance

8.211 MIL-STD-1760 ASI

ISSUE: How should the performance of MIL-STD-1760 ASI be specified for the AIS.
GUIDANCE: The key performance characteristics are the number of ASls, the category of ASI

implemented at each station and the total aircraft capacity required (in terms of how many used

at one time). Detail characteristics such as total data rates and networking are discussed in later
sections.

8.2.1.1.1 Number of ASIs This is dependent on the total waight capability of the air vehicie, the

mission roles supported and the layout of store stations. The type A system specification
considered this issue and identified 6 aircraft types with 6 mission types and concluded that
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between 7 and 32 ASI were required. This data is repeated in table 8-1. Guidance is therefore to
first define the aircraft mission roles and number of primary weapon carriage points. A
minimum of one ASI per weapon carriage point should then be implemented with consideration
given to two or more at weapon carriage points with potential for muitiple carriage of
sophisticated weapons.

8.2.1.1.2 ASI Categorias Some background information is required in order that the guidance is
better understood. MIL-STD-1760 allows 4 classes of ASls:

a | - Full Signal Set of Primary interface only

b. 1A - Primary and Auxiliary Interfaces

c. 1l - Primary Interface minus HBZ2 and HB4 and both the fiber optic and 270V DC
provisions

d A - Class Il plus the Auxiliary Interface

Three areas of guidance are therefore given, namely:

a Class |l ASIs are the minimal compliant interfaces. All ASIs snould be at least of this
type

b. Contact and cabling provision should be made to upgrade two external fuselage stations
(it available) to class | interfaces

¢. 270 Volt provision should be limiled to contact and cabling provision for those
aircraft projected to implement a 270 Volt power system

8.2.1.1.3 Jotal Aircraft Capacity
ISSUE: How many ASI should be avaiiable for simultaneous use.

BACKGROUND: The AIS complexity and cost will not be proportional solely to the number of ASI
implemented. Data Buys rates and processing loads will as examples be more dependent on the
maximum number of AS! actually in use at one lime. This will have further Jdetail such as: the
number of ASIs connected to stores at one time, the number of stores powered at one time, and the
number of stores actively in use at one time.

GUIDANCE:

a All ASis should be simultaneously connectable

b. The AIS should provide for the maximum number to be simultaneously powered
within the constraints of available power (A typical limit for stores consuming full power might
be four ASls)

c. The AIS should be capable of actively controlling a minimum of two ASIs
simultaneously.

8.2.1.2 MIL-STD-1760 MSI No performance relevant to AlS (not an AIS function)

8.2.1.3 Non-AEIS Signals (Existing Store Intarfaces)
ISSUE: How should the performance of Non AEIS Signal Interfaces be specified for the AIS?

GUIDANCE: Similar to MIL-STD-1760 ASI the key performance characteristics are the number
and locations of existing store interfaces. Each existing store interface type is unique and
categories of interfaces do not as such arise. AIS performance is limited to the number of non-
AEIS interfaces, their location and the aircraft capacity to simultaneously utilize multiple
stores.
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TABLE 8-1 Store Loadout Configurations (From Type A System Specification)

Numbers Of Store Types & Interfaces
(5 O [ [ 4 [M] [3) —t
SEEER SBE |52 |& (8
SEPERRRBEFEE 12 18 |8 [Y
-~ =3 g Iy ¥
Store Types \QE§§ D§§-§ % -i -:-j =
EERETE EF IElS |8 |€
OFEPR 3 ol8 |»
i IR a c » e
s & 2 g |8
< = =l B R
s z |8 |5
Aircraft Types 212 = = |<
== <
2 6 112 18124
Interceptor Combat 1 4 113117121
1 2 0171717
6 6 112 [ 24 30
Ground Attack 1341 |2 ] 28
4 3] 12 211 13115
114 6 113 119]25
Multi - Role 6 1 2 7 1111201427
6l4] 12] |4 6 110 ] 18} 24
2 212 612 21 2 118 ] 201 22
Defense Suppression 1 |[}2 614 2] ]1 6111116125
ilEf 2 4 81 12 6 1101 20} 26
RECCE i|Fj2 3 2101717117
Tactical and ilAl4 A _m__z;_y_
Strategic Bomber iiAld 8l 8 2132134136
iif B| 4 7 9 14| 18 | 104] 118
MISSIONS: STORES (Abbreviations used) NOTE.
A. Long Range Nuclear AAM Ajr-10-Air Missile Nuclear Stores are not
B. Long Range Tactical AGM Air-10-Ground carried on Multiple
Bombing Missile Carriage Stores
C. Counter Air (N)  Nuclear Store
D. Close Air Support / ASI  Aircraft Station * 8§ Bombs on on¢
Bauleficld Interdiction Interface Carriage Store
E. Air Interdiction CSSI Carriage Store
F. Reconnaissance Station Interface

a Number of non-AEIS interfaces. This should be severely restricted to minimize costs.
No genefal provision of interfaces should be implemented without firm operational reqQuirements
as it is unlikely that the store loadout will expand for non MIL-STD-1760 Stores.

b. Location of pon AEIS Interfaces. To maximize the number of potential loadout
configurations for greater mission roles it is preferable to distribute interface types. For
example each station could support a different existing store type. Some other general guidelines
are: Provide dedicated "wet" stations for fuel tanks (if separable fuel tanks are fitted) and avoid
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provision of complex existing store interfaces at those stations. This is because on long missions
the aircraft will have fuel tanks fitted. Any complex interface provision (such as HARM,
Harpoon) at the "wet" stations will be wasted because only a simpie fuel tank will be carried
there. Provide existing store interfaces for heavier stores near to the aircraft natural center of
gravity. Where a central interface is implemented, provide complex existing store interfaces on
fuselage stations, rather than wing stations, in order to enable wiring to be reduced.

c. Aircraft Capacity It is beyond the scope of this document to provide detail guidelines
for aircraft capacity for non MIL-STD-1760 stores. It is possible 1o read across much of
the previous guidance 1o these stores by assessing the relevant interface characteristics.

8.2.1.4 Suspension This is not an AlIS function. Relevant data on S & RE management is included
in paragraph 8.2.7.

8.2.1.5 Post Launch Interfaces These are not AlS functions.

8.2.2 Siore Stale Performance can only be specified for critical stale changes because
MIL-STD-1760 provides no standardization of other state definiticns or contro/monitor
formats.

8.2.2.1 Slate Change Prompt

ISSUE: What are the performance requirements of the AIS in delermining state change prompts.

GUIDANCE: As ciscussed in 7.4.2.1 most state change prompls are initiated outside of the AlS.
Two possible exceplions (depending on interpretation) are store failure and store separation:

a Store Failure: On detecting that a store has failed the AIS shouks set that store to the
least active safe state and change the states of other store(s) of that same type to regain, if
possible, the previous situation in terms of "quantity of stores ready for use.” Should the store
not have totally failed and its employment in a degraded mode is possible, then it may be available
as the last selected weapon.

b. Siore Release: On detecting that a store has been separated, then for most store types,
the AIS should initiate all possible reversible state changes to bring another store ot the same
type to a state of ‘ready’ for separation.
8.2.2.2 Siore State Command

ISSUE: How should the performance of the AIS be specified for the issuing of Store State
Commands?

GUIDANCE: The performance will be specified by inputs, outputs, dependency, timing and
execution assurance.

a |npuls The key inputs are:
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Critical Switches Master Arm (MAS)
Trigger (TRIG) - o- Weapon Release {(WR)
Selective Jettison (SJ)
Emergency Jettison (EJ)

Cockpit Distiay System IBIT demand
Store selected
Type deselected (SRAAM, BOMB & AGM)
Jettison selecied

Store Currert State

Long Term Select attribute (cooling)
AIS Store Hung

Store deselected

Store next (for release jettison)
Store due (for release jettison)

b. Quipuls The key outputs are the MIL-STD-1760 Mission Store Control message
(containing the Critical Control word and its associated Authority word) and Releass Consent.
The AIS should ersure that these are coriectly formatied. The relevant states of critical control
are definat'e by the bit patterns for D1g-D3 of the critical conirol word and Reluase Consent.
Thry are lisied below.

Store states are: Critical Control Belease Consent
RESET 0000 0000 INHIBIT

| BIT 0000 0X10 INHIBIT
SELECTED 0000 0100 INHIBIT
PRESET ARMING 0000 1100 INHIBIT
EXECUTE ARMING 0001 1100 X
COMMIT TO LAUNCHEJECT 0011 1100 ENABLE
FIRELAUNCH/CJECT 1011 1100 ENABLE
JETTISON 0100 0X00 INHIBIT®

* Store may require this also to be enablad.

c. Repencepcy The AIS should provide interfocks on the achievement of crilical states.
As an example Execute Arming should nci be demanded unless Master Arm has been demanded.
Table 8-2 details a recommended dependancy of the defined inputs and outputs. Sufficient
ambiguity exists in MIL-STD-1760 such that under certain conditions poor store design could
he incompatible with this sequence. Store project offices should ensure that stores: cannot fail
if they aro commanded to anv of the store states defined in b. above; format the critical monitor
data to reflect store demanded states.

d Timing Timing requirements for critical control demands will depend on the aircraft,
thy store type and mission phase. For example, demand of Commit to Separate will be required
with extreme urgency it a bomt has just hung in a separation sequence but less urgency is
requirad for a missile where the target daia may still be unavailable. For these reasons the
specific timing peiformance shouk; be ambedded into the SMS functional requirements related to
specific mission needs for stores management. Because the AIS may be a separzte entity from the
SMS the followiny minimum A!S performance is required: changes in State requiring change of
any dala tit D«-Dg of the MIL-STD-1760 critical control word must be communicated to the

store within 80mS of the input conditi~rs assuming the required states; other changes of state
wiihin 10 seconds.
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TABLE 8-2 MIL-STD-1750 STATE DEMANDS

IF & & &
NEW STATE STATE NOW oritical Swilches | Cockpit Display | AIS
System
RESET ANY"** X X Store Hu
or X X Store Deselect
or X Store Deselected | X
‘or X Type Deselected | X
1-8I1T RESET ALL SAFE Type Deselected | Not hung
& 1-BIT demand
SELECT RESET X Type Selected ngither hung nor
deselected
PRESET ARMED | SELECT or RESET | SJ,EJ = SAFE Type Selected neither hung nor
deselected
EXECUTEARMED | PRESET ARMED |MAS = LIVE & Type Selected neither hung nor
(SJ,EJ = SAFE) deselected
COMMIT to EXFCUTEARMED | MAS = LIVE & Type Selected Store Next to
LAUNCH or PRESET TRIG or WR = Release
ARMED LIVE
FIRE/LAUNCH COMMIT 1o MAS = LIVE & Type Selected Store Due to
LAUNCH TRIG or WR = Release
LIVE
EJECT COMMIT 1o MAS = LIVE & Type Selected Store Due to
LAUNCH TRIG or WR = Jettison
LIVE
JETTICON ANY SJ and MAS = X Store Next
LIVE or EJ
X = don't care * = only if store has no long term select attribute (cooling)

** = RESET should not ba demanded if COMMIT to LAUNCH has been demanded unless a fault or an
emergency conditions arises

e. Execution Assurance Assuring for critical states has the two basic parameters of
assuring the state will be demanded when required (success} and assuring the state will not be

demanded when not required (safety):

Success: Maximum probability per AS! of failure of this function should be 1 X
10-4 after one mission hour

Safety: Maximum probabilities per AS! of incorrectly demanding states should

be:

10-8 after one mission hour if failure corresponds 1o incorrect
interpretation of Selective Jettison or Emergency Jattison as demanded

10-8 after one mission hcur if failure corresponds to incorrect
interpretation of Master Arm and Weapon Release as demanded

10-5 after one mission hour if failure corresponds to incorrect
interpretation of Master Arm or Weszpon Release as demanded




10-4 after one mission hour for all other cases
Note that for stores which do not implement Release Consent as an interiock on any state, the AIS
must provide the above level of safety for the data bus path alone. This position is less serious
following issue of MIL-STD-1760A Notice 3 which minimally requires Release Consent as an
interlock on all irreversible critical functions excluding jettison.

8.223 Slate Monitor
ISSUE: How should the performance of the AIS be specified for the monitoring of store states.

GUIDANCE: The AIS should positively monitor for achievement of all demanded MIL-STD-1760
states. Specifically, where no ICD data is available to further optimize the implementation, the
MIL-STD-1760 Critical Monitor word should be monitored for:

a Correct demanded state within 100mS of demanding each new state

b. Achieved state, within 100mS of demanding each new state, at minimum 10Hz, until
either the state is achieved or the store declared as failed

c. At a minimum rate of 0.5 Hz for every store with power applied

8.2.2.4 Power Supply Management

ISSUE: How should the performance of the AIS be specified for MIL-STD-1760 Power Supply
Management?

GUIDANCE: The AIS must comply with all MIL-STD-1760 requirements including Voitage,
Current and Fault isolation at each ASI. In addition the AIS should:

a Ensure that power requirements for any demanded state are provided before demand of
that state.

b. Ensure that provision of energization of power signals at MIL-STD-1750 interfaces
is minimized. Particular care should be made to avoid premature energization of 28 Volts 2 or
Auxiliary 28 Volts and to remove all power at disconnected interfaces.

c. Ensure that the total simultaneous power available at MIL-STD-1760 interfaces is
compatible with mission raquirements. As a minimum, any four ASI should be able to
simultaneously supply full current capability.

6.2.3 Data To Storg Data to store is considered here as limited to: MIL-STD-1553 data, High
Bandwidth signals, Low Bandwidth signals, and Release Consent. Address discretes and Power
supplies are considered to provide low level information not requiring specitic data guidelines.

8.2.3.1 Store fo Store Data Source Not an AIS function, see 8.2.3.5 for detail on networks.

8.2.3.2 Aicraft Raw Data Source As defined in section 7, aithough the aircraft raw data source
is not an AIS function, the transfer of aircraft data and the store specific data processing are AIS
functions. Issues that arise are therelore:

a Data Formats
b. Data Availability
c. Data Accuracy
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d Data Lalencies and Update Rates
8.2.3.2.1 Data Formalts
ISSUE: What data formats should be used for aircraft data received by the AIS?

GUIDANCE: All data from aircraft to the AIS should be in MIL-STD-1760 formats for word and
entity definition. This only applies when considering data formats for new aircraft equipment.
The AIS should execute any necessary reformatting of data from existing avionic equipment (For
example the air data computer may not provide data in MIL-STD-1760 formats).

8.2.3.22 Data Availability
ISSUE: What data types should be available to the AIS?

GUIDANCE: The AIS should minimally make interface, processing and memory provision for the
transfer (with recomputation as required) of the following MIL-STD-1760 data entities from
aircraft data: Fuzing/Arming data; Aircraft System Time; Aircraft inertial position (and
velocities) in latitude/longitude and local XYZ forms; Aircraft to Store alignment data; and Target
position (and velocities) for up to 4 targets from 16 in latitude/longitude, local XYZ, and polar
forms. Provisions should also be made for an 100% inzrease in the above data. Where target
velocity data is not available 1o the AIS the AIS should provide processing 10 generate velocities
by rate change computation. This processing should only be executed when stores are being
targeted that can utilize the velocity data.

8.2.3.23 Dala Accuracies

ISSUE: What accuracy is required for aircraft data transferred to and through the AIS?
GUIDANCE: The AIS should minimally provide compuiational accuracy for the following data
types as indicated in Table 8-3. As an example of an inaccuracy calculation, the inaccuracy of
Target Velocity data received by the store should be maximum 12 meters/second. This is the
sum of the aircraft and AIS inaccuracies.

Table 8-3 Data Inaccuracies

Data Type Aircraft_Error® AlS Inaccuracy
Fuzing Timos 1+ 1mS £ 1mS

Fuzing Positions 1 1 meter + 1 meter

Aircraft System Time % 2.5mS £ 2.5mS

Aircraft Position + 5 meters 1 5 meters

Airc-aft Velocity + 0.5 m/second + 0.5Sm/second
Aircrafi-Store Position + 0.1 meter + 0.1 rewer
Aircraft-Store_Angles + 0.00%1 semicircles + 0.001 semicircles
Target Position + 5 meters + 5 meters

Target Velo~ity 1 1 meter/second + 1 meter/second
Target Angles + 0.001 semicircles + 0.001 semicircles

° Aircraft error Is an assumed figure and is not a performance chzranteristic of the AIS. It is
quoted to provide an indication of the inaccuracy of da‘a received by the store (In many cases the
supplied data will be more inaccurats).
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8.2.3.2.4 Data Latencies and Update Rates
ISSUE: What AIS performance should be specified for data latency and data update rates?

BACKGROUND: Data latency is defined as the time delay from data being presented to the AlS from
the avionics, 10 being recelved by the store via the ASI. Update Rates are defined as the number
of times in a set time period that a data type is meaningfully retransmitted by the AIS to a store.

GUIDANCE: Maximum data latency and minimum update rate performance capable of being
provided by the AIS, should be as shown in Table 8-4 for the indicated digital data types. For
Analog Signals (High and Low Bandwidth) the maximum data latencies shown in Table 8-5 should
be provided.

TABLC 8-4 Digital Data Latencies and Update Rates

Data Type Maximum Latency Minimum Update Rate
| Target Positions 100 mS 20 Hz

| Target Velocities 100 mS 20 Hz
Aircraft Positions 120 mS 15 Hz
Aircraft Velocities 120 mS 1§ Hz
System Time * -

Other Data 1 second 1 Hz

* System Time latency is not relevant; see §.2.3.2.3 for aliowable data inaccuracy

TABLE 8-5 Analog Data Latencies

Signal Maximum Cata Latency
HB 1 500 ns
HB2 500 ns
HB 3 20 ms
HB 4 20 ms
LB 20 ms

8.2.3.3 Unique to Store Formatling

ISSUE: What AIS performance should be specified for the reformatting of aircraft data into
unique to store formats?

GUIDANCE: The AIS should as a goal receive all aircraft data in MIL STD-1760 formats
compatible with store required formats. Where this is not feasible (becauss of unique to store
formats or because of retention of avionic equipment with other formats) then the AIS should
provide for all required reformatting without exceeding the limits of accuracy, latency and
update rate performance specisiad in 8.2.3.2. Special care should be taken in aircraft and store
design 10 avoid the neec for reformatting of High Bandwidth signals.

8.2.3.4 Recomputation 10 Store Axes
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ISSUE: How should the performance of the AIS be specified for recomputation of aircraft data to
store axes?

GUIDANCE: As discussed in 7.4.3.4, this will probably be an AIS function. The AIS should
provide for all required reformatting without exceeding the limits of accuracy, latency and
update rate performance specified in 8.2.3.2.

8.2.35 |nlerface to Store Most AlIS performance factors for provision of MIL-STD-1760
interfaces are discussed in 8.2.1. Additional performance factors discussed in this paragraph
are: Analog network - network paths provided and signal performance; Release Consent -
assurance, timing, and isolation.

8.2.35.1 Anaiog Network
ISSUE: How should the performance of the AIS be specified for Analog Networks?

GUIDANCE: The AIS analog network should comply with all MIL-STD-1760 requirements for
implemented High Bandwidth and Low Bandwidth interfaces. Additionally the AIS should provide
the following network and signal performance for the signal interfaces HB1, HB2, HB3, HB4,
LB. Performance requirements for all signal types should be simultaneously available.

a HB1/H32 - The AIS should minimally provide the followirg network performance:
transfer of one type B signal between any one ASI and the aircraft (either direction), or transfer
of two type A signals between any two ASI and the aircraft, or transfer of a type A signal between
any two ASI (either direction) and a type A or B signal between any other AS!| and the aircraft
(either direction).

b. HB3/HB4 - The AIS should provide the following network performarce: transter in
either direction of two type A signals between any two ASI and the aircraft, or transfer in either
direction a type A signal between any two ASI and a type A signal between any other AS| and the
aircraft.

c. In addition to all MIL-STD-1760 requirements, the AlIS shall limit type B signal
attenuation and noise such that GPS signals received by the store have a minimum 0.01 uV P-P
amplitude.

d LB - The AIS should provide the iollowing periormance: transfer in either direction
of a LB signal between any AS! and the aircraft.

e. In addition to all MIL-STD-1760 requirements the AIS shall limit maximum
attenuation to 6dB for signals of 20 Hz to 1 MHz passed between aircraft and store. The signal
path characteristic impedance should be 78 ohms 4+ 10%.

f. The AIS network performance is shown in figure 8-1.
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ASI = HB1, HB4 Not Required for Class Il

FIGURE 8-1 AIS Analog Network Requirements For N ASI
8.2.35.2 Release Consen
ISSUE: How should the performance of the AIS be specified for Release Consent?

GUIDANCE: The AIS should comply with all MiL-STD-1760 requirements for Release Consent
with isolation requirements interpreted as c. below. Additionally the AIS should provide the
following assurance, timing and isolation:

a Assurance: The AIS shall ensure that the maximum probability of failure to set the

correct state for Release Consent is: 10-6 after one mission hour for enabling when neither
Master Arm or Jettison are demanded, compliant with performance specified in 8.2.2.2.5, and
readily verifiable by simple and brief design analysis following modifications to any AIS non-
critical sofiware.

b. Timing: To satisfy the performance requirements defined in 8.2.2.2.d and
MIL-STD-1760A Notice 3, the Release Consent signal must be enabled by the AIS within 60 mS
of the AIS nput conditions assuming the required states.

c. Isolation: To clarify the Release Consent isolation requirement so as not to exclude
designs with BIT monitors on intertaces, the AlS shall interpret the isolation requirements of
MIL-STD-1760 as follows: the steady state current through a 1 Kohm load shall not exceed
5 mA when the interface is in an inhibited state, and the steady state current shall not increase
by more than 250uA when any other Ralease Consent interface is enabled.

8.2.4 Dala from Stora Data from Stores is considered here 1o be limited to MIL-STD-15583,
High Bandwidth and Low Bandwidth data. Many AIS requirements for data from stores are
similar to those defined for data to stores in 8.2.3.
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8.2.4.1 Baw Data Source As defined in section 7 the store raw data source is not an AlS function
but the transfer of the store data is. Issues that arise are therefore:

Data Formats
Data Capabilities

Data Accuracies
Data Latencies and Update Rates

8.2.4.1.1 Dala Formals
ISSUE: What data formats should the AIS be capable of receiving from stores?

poop

GUIDANCE: Where possiole all data from stores should be in MIL-STD-1760 formats. It is
likely that many divergent formats will be used for store monitor data entities unless strong
project direction is provided. The AIS should therefore be compatible with receiving
MIL-STD-1760 formats for messages and words with additionally the capability to process 10
words per store type of unique 10 store monitor data entities.

8.2.4.1.2 Data Capabilities

ISSUE: What store data types should the AIS be capable of processing to provide decisions and
aircraft data?

GUIDANCE: The AIS should minimally provide interface, processing and memory capacity for the
following data entities from stores: Vector Word, Store Identity, BIT Times, Critical Monitor 1,
Rounds remaining, Target position (in latitude/longitude, XYZ or polar form), Store state of
health data, Store position (in latitude/longitude or XYZ format from INS), Store reference
system alignment and position, and an 100% increase in all of the above data.

8.2.4.1.3 Data Accuracy

ISSUE: What accuracy is required for data received from stores?

GUIDANCE: The accuracy of data available from stores is not a performance factor of the AIS.
However the AIS performance for data reformatting for either aircraft or store end users should
be defined as shown in Table 8-6.

TABLE 8-6 Store Data Accuracies

Data Type Maximum AIS inaccuracy fo_en. -or
Another Store [Air.
Store position + 5 meters _ .5 ters
Store Velocity x 0.5 mvsecond 1% 5 wsecond
Target Angular Position + 5 X 104 semicircle s +5 .. 10°3 semicircles
Target Position 1+ 5 meters + 5 meters

8.2.4.1.4 Data Latencias and Undate Ratas

ISSUE: How shoulkd the performance of the AIS be specified for data latency and data update rates

for data from stores?
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GUIDANCE: For store to store transfers the AIS should provide performance as specified for
aircraft data in 8.2.3.2.4. For store to aircraft data the AIS should provide capability for the
performance as shown in Table 8-7.

TABLE 8-7 Store Data Latencies and Update Rates

Data Type Maximum Latency Minimum Update Rate
Target position 200 ms 10 Hz
Store Position 150 ms 15 Hz

8.2.4.2 Unique 1o User Formatling

ISSUE: How should the performance of the AIS be specified for reformatting of store data to
maitch other store or aircraft requirements?

GUIDANCE: The AIS should, as a goal, receive all data in MIL-STD-1760 dala formats compatible
with all MIL-STD-1760 store and all aircraft equipments. Where this is not feasible, the AIS
should provide for all reformatting required for the initial defined store loadout.

8.2.4.3 Becomputation to User Axes

ISSUE: How should the performance of the AIS be specified for racomputation of store data to
store or aircraft axes?

GUIDANCE: As described in 7.4.4.3, this will probably be an AIS function. The AIS should
provide for all necessary axes conversion without exceeding the limits of accuracy, latency and
update rate performance specified in 8.2.4.1.

8.2.4.4 |nterface with Avionics

ISSUE: How should the performance of the AIS be specified for Store data interfacing with other
avionics?

GUIDANCE: This is provided in paragraph 8.4 where a clearer ¢ ¢finition of avionics interface
Quidance is given.

8.2.5 Store Selection The AIS functions determined in paragraph 7.4.5. are: Station
Determination, Store Initialization management, and release data package retention.

8.2.5.1 Sfation Determination

ISSUE: How should the performance of the AlS be specified for determination of which stations
should have stores selected?

GUIDANCE: Stations shouid be selected sequentially by the AIS in the order that store separation
would best be executed. This can vary with aircraft type, store type and mission dynamics. A
default set of rules for sequentially selecting ‘next' stores as the number selected increases is:

a The "next" store must be of the correct type and not failed.
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b. Assuming all other selected stores of that type are successfully separated then the
separation of the “next"” store must not violate balance constraints. if a pairs separation mode is
selected and the “next" store will be the second of a pair then additionally the potential release
must not violate balance constraints if the first of the pair hangs up.

c. If the last store selected is located in a multiple store Weapon Bay then the next store
should be from the same bay. Otherwise the “next” store shoukd not be from the same station as
the previous store selected. Consideration shouid be given that this rule may require inverting
for weapon bay aircraft so as to minimize aerodynamic disturbance during release.

d The "next” store should not be from a station adjacent 1o the previous store selected.
e. The “next” store shouid be from the side of the aircraft nearest to the target.

f. The "next" store should be from the Port side of the aircraft (this provides for a
definite choice when two or more stores satisfy all the other checks).

8.2.5.z Store Initialization Management
ISSUE: What AIS performance should be specified for the store initialization management?

GUIDANCE: Specific and quantitative guidance cannot be provided for this function as
initialization requirements are at least in part specific to store type. General performance
guidance is provided for three initialization types; INS alignment, tuning, and cooling/run up.

8.2.5.2.1 |NS Alignmert The AIS should provide for INS alignment of stores. Typical
performance 15 defined below:

a Phases - The alignment should be split into coarse alignment and fine alignment
phases

b. Coarse alignment - During coarse alignment the AlS should:

- Inform the store that coarse alignment is required

- Transfer aircraft velocity and aircraft-store angles, or
direction cosines, 10 the stora. The update rate may be as high as 10Hz for “fast risetime® stores
or as low as 0.2 Hz for strategic missiles.

- Coarse alignment should be term:nated when: the store informs the aircraft
that coarse alignment has been achieved, or the AIS can monitor that the store INS “velocities”
are cufficiently matched to the aircraft velocities, or the AlS can determine that coarse
alignment shouid be aborted (typically due to time out of 5 minutes for strategic missiles or
shorter for taclical stores)

- When coarse alignment has been achieved, fine alignment should be started

¢. Fine Alignment - During fine alignment the AIS should
- Inform the store that fine alignment is required
- Transfer aircraft velocities, position and aircraft-store angles, or direction
cosines, 10 the store. The update rate may typically be 0.01 Hz for strategic missiles.
- Fine alignment should be terminated when the store is released, or the store is
long term deselected, or the AIS cun determine that fine alignment should be aborted because of
errors in the store monitored velocities and positions.




8.25.2.2 Iuning The AIS should provide for some stores to be tuned while initializing. This
function will not require active tuning by the AIS, as in the existing Sparrow, but the following
should be implemented:

a Provision for stores to delay achievement of selection by some seconds while tuning to
high bandwidth signals.

b. Provision of “alent® or re-tune commands to store when relevant high bandwidth
signals change in character.

c. Provision for stores to "deselect” while re-tuning.

8.25.23 Coqgling/Run Up The AIS should provide for some stores to require lengthy
initialization during selection. Examples of current inventory stores with such functions are
Sidewinder (cooling of seeker) and Harpoon (heating). The following should be implemented:

a Provision for some stores to delay achievement of selection by some minutes while
cooling/running up

b. Avoidance of deselection of these stores even when other stores are selected
(reference table 8-2 note 2)

8.2.5.3 Release Package Daia Retention
ISSUE: What AIS performance should be specified for the release package retention?

GUIDANCE: The AIS should provide for a minimum of eight weapon packages to be retained with a
further minimum of one for each store type loaded. The packages should be stored/recalled by
receipt of single word avionic data command. The AIS should provide for the data shown in table
8.8 to be retained. Additionally the AIS should provide for specific to store data and data files
retention to be added if required.

TABLE 8.8 Release Package Data

Data Words | Data Source Notes

Total to Release 1 AIRCREW Bombs

Number/Iteration 1 AIRCREW Single/Pair/Salvo
Meters Spacing 1 CREW Bombs, Distance (L) data
Manual Spacing (ms) 1 CREW Bombs

Fuzing Mode 1 CREW as MIL-STD-1760
Fuzing Distances 8 CREW/Avionics _|as MIL-STD-1760

| Target Position 6 GROUND LOAD XYZ or latitude/tongitude/height
Trajectory 24 GROUND LOAD 4 Waypoints

| Target Description 16 JTIDS Typically Emission Data
Other 16 - Expansion

8.2.6 Slore Arming/Fuzing
ISSUE: What AIS performance should be specified for the Store arming?

165




GUIDANCE: The AIS functions as determined in paragraph 7.4.6 are Arming/Fuzing Management
and Fuzing Times Computation. These are further discussed in 8.2.6.1 - 8.2.6.2.

8.2.6.1 Aming/Fuzing Management
ISSUE: What AIS performance should be specified for the Arming/Fuzing Management?

GUIDANCE: The AIS should control the armed/safe status of MIL-STD-1760 stores by
energizing/de-energizing the arming solenoids and implementing the store critical state function
as defined in 8.2.2. The AIS should implement special mechanisms to ensure stores are safe
during jettison unless specifically demanded to be jettisoned armed.

8.2.6.2 Ewzing Times Computation
ISSUE: What AIS performance should be specified for the fuzing times?
GUIDANCE: The A!S should provide the following fuzing times performance.

a Provision of default values for store fuzing times. These default values will be
specific 1o aircraft/store combination and should be defined during development.

b. Provision for receipt of fuzing distance data from the aircraft. Specifically the
following should be received:

- Minimum safe separation

- Aircraft height (at release)

- Weapon release dynamics (ejection velocity, rate of fall, drag etc)
- Aircraft velocity (at release)

- Function height/depth

c. Recalculation of fuzing times from the above data al a minimum of 10Hz during
approach and release.

d Transfer of fuzing data to stores and verification of correct receipt. Fuzing data
should only be updated when a meaningful change in value is detected to reduce probability of
corrupling “safe” fuzing times.

8.2.7 Slqre Rejease
ISSUE: What AIS performance should be specified for the Store Separation?
GUIDANCE: The AIS ftunctions as determined in paragraph 7.4.7 are listed below. They are all

implemented in tha AIS only if also implementing the SMS function. As such they are not core
AlS functions and only brief guidance is given.

Suspension Equipment Management Weapon Bay Management
Separation Management Separation Timing
Separation Sequence Determination Hang up Detection
Balance Management Engine Control Assistance
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ISSUE: What AIS performance should be specified for the Suspension and Release Equipment
Management?

GUIDANCE: The AIS should provide signals for the contro! and monitor of S&RE. The control and
monitor signals for a typical weapon station are shown in table 8.9.

TABLE 8.9 Typical AIS - S & RE Signals

Signal Name INOUT | Signal Form

EJECT/FIRE PRIMARY our 28 Vol/10 Amp/Pulsed

EJECT/FIRE SECONDARY our 28 Voly10 Amp/Pulsed

RELEASE/FIRE PRIMARY 0 V]§ 28 Volt/10 Amp/Pulsed

ARMING 1 (Nosa) OUT___ |28 Volt/10 Amp/Pulsed + 1 Amp conlinuous___|
ARMING 2 (Tail) our 28 Volv10 Amp/Pulsed + 1 Amp continuous
UNLOCK (MISSILE) QuUT 28 Voi/1 Amp

GROUND RETURNS (2) our 0 Volt’20 Amp Pulsed

WEAPON LOADED IN 2PDT CONTINUITY SENSE (6 signals)

LOCK MONITOR IN CONTINUTY TO GROUND RETURN

LAUNCHER BIT IN CONTINUITY TO GROUND RETURN

IN FUGHT LOCK o 28 Volv1 Amp continuous with 2PDT monitor

Additionally the AIS should provide for the following functions of the signals of table 8-9:

a EJECT/FIRE - Used to separate hook mounted stores or jettison any store (rail launch
missiles will be jettisoned downwards with their launchers). The AIS should provide that after
one mission hour the probability of inadvertent activation of one of these signals or of failure
under emergency jettison of both signals is extremely low. Typically the performance should be
both quantitative (10-7) and qualitative (no single fault shall cause).

b. RELEASE/FIRE - Used to separate rail launch stores (for the Modular Rail launcher
this removes the electrical connections from the aircraft to the store). This signal may also be
used for non MIL-STD-1760 stores 10 directly initiate motor firing. The AIS should provide
inadvertent activation performance similar to Eject/Fire and should possibly implement two
signals for assurance of release.

c. WEAPON LOADED - Used to monitor for store presence. The AlS should verify all
signals in correct state during inventory confirmation and monitor for changeover of switch
contacts during eject release or jettison.

d IN FLIGHT LOCK - This is generally for nuclear weapon use (see 8.2.11). This signal
is sometimes used to increase safety for carier based aircraft.

8.2.7.2 Weapon Bay Managemeni

ISSUE: What AIS performance should be specified for the Weapon Bay Management?




GUIDANCE: There are no generic impiementations of weapon bays and therefore AlS performance
shouid be spacified individualty for each aircraft. Typical AIS functions for weapon bays might
be:

a Provide redundant initiation signals to open and close bays. This must be achieved
before and after the release.

b. Provide initiation signals for any required S&RE vertical transiation and/or rotaticn

¢. Monitor achievement of above demands, via monitor switches and provide interlocks
on release process

8.2.7.3 Separation Management
ISSUE: What AIS performance should be specified for Separation Managemer1?
GUIDANCE: The AIS should:

a Prevent separation when not demanded by critical controls - after 1 mission hour the

probability of inadvertent separation should not exceed 10°7 and prior to Master Arm or
Jettison no single AIS failure should cause inadvertent separation.

b. Assure separation - after 1 mission hour the probability of failure to separate any

store when demanded should not exceed 10°3 and where possible no single AIS failure should
prevent separation of one weapon of any store type.

¢. Provide critical state control 1o slores that potentially could be separated. This
should also include presetting of reversible states to stores whose separation will only be
required should separation of any store fail.

d Provide for “dead facing™ of power at the ASI of separated stores.

e. Provide for tolerance of "no responses” to data bus commands 1o stores that have just
been separated.

f. Prevent interpretable radiation of sensitive data from ASI data stubs to areas outside
the aircraft.

g Reconfigure analog networks to provide maximum connection paths % stores by
deleting and reusing network circuitry for stores separated.

h. Monitor interlock signals for determination of “store gone/separated.*

i. Provide for aerodynamic and probability of success analysis to interiock the
separation process.

8.2.7.4 Separation Timing
ISSUE: What AIS performance should be specified for Separation Timing?
GUIDANCE: The AIS should provide for rapid and accurately timed store separations. If swoie

internal delays and station to station minimum spacings are ignored, the AlS should provide for
the following performance:
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Separation timings accurate to 3 ms calculated from spacing and aircraft dynamic data
Separation intervals as short as 20 ms with up to two stores separated per interval
Minimum safe intervais for stcras

«  Separation spacings from 10 to 1000 meters

. Salvo separation with sequenced separatior of selscted stores at maximum 10 ms
intarval with no hang up monitoring

8.2.7.5 Separalion Sequence Determ.nation
ISSUE: What AIS perforniance shoukd be spacified for the Separaticn Sequence?

.0 OoP

<

GUIDANCE: As defined in 8.2.5.1 specific separation sequences may vary with aircraft, store or
mission. The AIS shouid determine separation sequences as the selection sequences but shouid
additionally provide for dynamic changes of sequence should stores fail to separata or lose targui
acqusition.

8.2.7.6 Hang up Detection
ISSUE: What AIS performance shculd be specified for the Hang up Detecticn?

CUIDANCE: As discussed in 8.2.7.1 and 8.2.7.3, the AIS shoulu monitor the Weapon 0aded
signals and MIL-STD-1760 interlock signals to determine that a store has been successfuliy
separated. Failure of any two signals to change stat2 within 25 ms of initiating ejection should
be inierpreted as a hurig store. if store does not hang up then failure of ail four signais 1o change
over within 50 3 should be interprated as a mission lolerable failure. Should a store fail to
release within the required time it should be declared "hung." Hung storas should be set safe as
specified in 8.2.2.2 table 6-2. Hang up .etection may be suspended during salvo releases where
mission requirements dictate release at a faster rate than the response times of the S&RE weapon
loaded indicating switches. Stores may also be set hung during release if anv of the following are
detacted, aithough it is preferable that a 'store degraded’ state be reported:

Failure t¢ achieve demanded critical states Failure of MIL-STD-1553 communication
Store unsate condition reported Store “fatal® failure 1eported

8.2.7.7 Balance Management
ISSUE: What AIS performance should be specifiad for the Balance Management?

CCUIDANCE: The £IS shculd determine and modify separation sequencss to preserve the aircraft
balance within the limits cefinec as follows. For aircraft of wingspan W and lenath L:

a Maximum Lateral Imbalarce Moment = 200 'W Kg meters
b. Maxirnum lorgiwdinal Imbatance Moment = 200 L Kg meters

Note ihat who: 8 stores are mountad on wings that can be swpt, then the wing swaep angle will
affact these calculations.

txample - For an aircrait of wingspan 13 meters (43 feet) the imbalance should be :imited 1o a
Mk 82 borrb at a pylcn/station 5.73 meters (18 1/2 feet) from the aircraft centerling.
Aiernatively a Mk 84 homb 2.87 meters (9.3 feet) from centerline.



8.2.7.8 Engine Control Assistance

ISSUE: What AIS perforrnance should be specified for the Engine Control Assistance?
GUIDANCE:

a When demanding separation of rail launched stores, rockets or guns the AIS should
provide discrete advisory data w the aircraft to indicate that engine performance may be
disturbed. The data format will be specific to aircraft and should indicate whethei separation is
from port or starboard. The data should be present fc: a minimum of 20 ms before and 100 ms
after each release.

b. When demanding separation of eject launched stores with internal rocket motors, the
AIS should compute and transfer Motor Fire Delay data (MIL-STD-1760A data entity

B40.3.1.21) to Stores capable of acting upon the data. Defauit times should be 1600 ms
(ersures 13 meters/50 feet separation with gravity drop).

8.2.8 Siore Jetlison

ISSUE: What AIS performance shouid be specified for the Store Jettison?

GUIDANCE: The AIS functions as determined in paragraph 7.4.8 are listed below. They are all
imptemented in the AIS only if also implementing the SMS function. As such they are not core
AIS tunctions and only brief guidance is given.

- Selective Jettison Management

- Emergency Jettison Mariagement
- Store Safe Vaerification

8.2.8.1 Seleclive Jattison Management

ISSUE: What AIS performance shoukd be specified for the Selective Jettison Management?
GUIDANCE: The AIS should provide the following:

a S & RE Management as defined in 8.2.7.1

b. Weapon Bay Management as defined in 8.2.7.2

c. A minimum of four selective jettison modes:

- Selective Jettison Package: A preselected set of defined stores determined by
crew action. These may be selected for aimed or safe jettison.

- Post Release Jettison: Automatic compilation of a crew Initiated selective
jettison package to jettison all storss *hung" during release (refer to 8.2.7.6).

- foombat Jettison: Automatic compilation of a crew initialed salective
jettison package to remove all stores (including carriage stores) not essent.al to air-air comba.

- Station Jettison: Ability to individually jettison all stores from selectec
stations. This may be safe or unsate.
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d Selective Jettison should be implemented via a sequenced pattern of store separations.
The default sequence should be of the same basic form as the release sequence defined in 8.2.7.5
excepl that store types may be muuiple. The timing should be the minimum safe duration
(default time of 80 ms) and the balance requirements of 8.2.7.7 should be met. Where p.ssible
the sequence should be optimized 1o remove the maximum weight as fast as possible. This will
modify the sequence where stores have either long jettison execution or minimum safe spacing
timings.

e. Jetlison prevention, assurance, criticai state control, power deadfacing, "no
response” tolerance and sensitive data protection as specified for release in 8.2.7.3

8.2.8.2 Emergency Jetlison Management
ISSUE: What AIS performance should pbe spacified for the Emergency Jettison (EJ) Management?

GUIDANCE: The AIS should provide an Emergency Jeftison function. This should be identical to
Selective Jettison except as that it should be initiated by a separate critical cockpit swilcil, have
no operator definable packages, and have a higher assurance. After 1 mission hour the
probability of being unable to emergency jettison any store when intended should not exceed
10°6. No single AIS failure should prevent the emergency jettison of any store when intended.
All stores will be jettisoned sate when EJ is demanded except for:

- Nuclear Weapons
- Stores from siations determined by aircraft design as not essential for EJ
- Stores only jettisoned by forward firing

8.2.8.3 Store Sate Verilication
ISSUE: What AIS performance should be specified for the Store Safe Verification?
GUIDANCE: The AIS should provide the following for jettisoned stores:

a Data Bus ard S & RE management to remove any arming and fuzing if jettison is not
demarced as armed. Where stores can be monitored and cannot be set safe then selective jettison
of these stores should be inhibited and the crew notified so that they can consider alternalive
action.

b. Where security sensitive stores are selected for unarmed selective jettison, data bus
commands to demand, and monitor for achievement, eresure of all sensilive data. Where stores

can be monitored and cannot be set "clear” the selective jettison of these stores should be
inhibited and the crew notified so that they can consider alternative action.

8.29 |pventory

ISSUE: What AIS performance should be specitied for the Inventory?

GUIDANCE: The AIS should provide the following Inveniory functions:
a Inventory load

b. inventory confirmation
¢. Inventory update
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8.2.9.1 |nventory Load
ISSUE: What AIS performance should be specified for the Inventory Load?

GUIDANCE: The AIS should provide for an aircraft input determining inventory. This should be
by receipt of a checksummed data block from avionics data bus(es) but may be by use of icadout
panels. The minimum data provided should incluge: Store types at specific locations and Gun
Rounds (it relevant).

8.2.9.2 |aventory Confirmation
ISSUE: What AIS performance should be specified for the Inventory Confirmation?

GUIDANCE: The AIS should.provide for confirmaticn of inventory loadout by checking at mission
start that:

S & RE weapon loadec data matches defined inventory load

MIL-STD-1760 interlock daia matches inventory load

MIL-STD-1760 store type data maiches inventory load at relevant stations
Any availabie existing store data matches inventory load at relevant slations

Ao ow

Any errors should be immediately notified to the aircrew via the avionics data bus. Stations
where checks fail should be indicated as unsafe stores. The aircrew should be able 1o override
these unsafe determinations if required. This override should be demanded via specific data
commands from the avionics bus.

8.2.9.3 Inventory Update
ISSUE: What suiS performance should be specified for the Inventory Update?
GUIDANCE: The AIS should provide the following:

a Secure data base ¢f inventory. This should survive short term be available to the
avionics via data bus commands and should minimally contair for each store station the following
data: Store type, Store Loaded or Releasad or Jettisoned, and Store Critical State (Safe, Selected,
Armed, Firing or Hung).

b. Update of inventory data hase during the following processes: Store Selection. Store
Release, and Store Jettison.

8.2.10 Crew Interface
ISSUE: What AIS performanca should be specified for the Crew Intertaces?

GUIDANCE: The AIS functions for crew interfacus are limited in paragraoh 7.4.10 to the critical
controls. The following dedicated critical conirols should be provided.

a Air-Air Launctv/rire is a dedicated momentary action switch for the pilot (and also
navigator it relevant).

b. Air-Ground Release is a dedicated momantary swilch for the pilot (ano also navigator
it relevant).
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c. DAS Relaase is a dedicated latching switch for the pilot (and navigator) allowing long
term consent for release of chaff, fiares and missiles tor seif defense. The AIS shoukd
avtomatically reset this ontrol io safe if Master Arm is not demanded.

d Master Arm is a dedicated latching switch foi the pilot (and also navigator it
relevant} used as consent for refease preparation and weapon arming on all aircraft and jettison
on some aircraft.

e. Selective Jettison is a dedicated momentary action switch for the pilot (and also
navigator if relevant).

f. Emergency Jetlison is a dedicated momentary action switch for the pilot (and also
navigator if relevant).

g. Gear up and locked zre dedicated switches sensing that the aircra®t is airborne and
separation will not be obstructed by the undercarriage.

h. Cround Test Override is a dedicated latching switch witn a highly visible warning,
such as a "flag,” to allow override of gear up and locked switches when testing AIS or stores on
the ground.

8.2.11 Nuclear Control
iISSUE: What AIS performance should be specified for Huclear Control?

GUIDANCE: For nuclear cer:ified aircraft the AIS should provide tive following functions at the
relevant stations:

S & RE Managemen;
PAL code transfer
Controls

Displays

Store Iniarface

LY -N -

Specific giidance for these is containgd in government documents such as AFR 122-10 and
MIL-HDBK-255. Paragraphs 3.2.11.1 - 8.2.11.5 below state briefly the relavant
requirements.

8.2.11.* Nuclear S & RE Manacement
ISSUE: What AIS performance -should be specified for the Nuclear S & RE Management?

GUIDANCE: S & RE for nuclear weapons differ in use/implementation from S & RE for other
stores in that they implement an in flight reversible lock. This, when uniocked, aliows the
weapon to be separated by the conventional Eject Signals. When in the locked state, the Eject
signals are isolated from the csrtridges and the rack is mechanically prevented from releasing
the weapon even i both cartridges should fire. Tha AIS should make tha following provisions:

2 |Isolate all power from S & RE until start of sgparation praparatina.

% RE b. No singie AIS failure should result in separation or shouk! p-avent relocking of the $
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c. Control of Eject and In Flight Lock signals should be by two independent mechanisms
with physical and electrical isolation of discrete signals.

d.  The AIS should not initiate separation even with two “out of sequence” operator
errors.

e. Thae AIS shall prevent jettison of any nuclear weapon in an unsale condition.

f. The probability of unintentional release shouid not exceed 1 in 105,‘weapon station
design lifetime, 1 in 105 abnorma! environment exposure when locked, and 1 in 103 unlocking
even:s.

8.211.2 PAL Code Transfer

ISSUE: What AIS performance should be specified for the PAL Code Management?

GUIDANCE: Permissive Active Link (PAL) codes are used as an authorization function which can
interrupt the pre-arming functions of the store. The AIS should provide for crew entry of PAL

codes for each weapon carried. Each PAL code is typically a 6 digit code. The AIS must ensure
that PAL code cata is not retained in the AlS.

8.2.11.3 Nuclear Controls
ISSUE: What AIS performance shouid be specified for the Nuclear Controls?
GUIDANCE: The AIS should provide the following controls:

a A wire guarded nuclear release consent swiich. Where there are two or more aircrew
this shall Ye at each of two crew stations such that a single crew member cannot operate both
swilches with effect.

b. A wire guarded nuclear arming consent switch. Where there are two or more aircrew
this shall be at each of two crew stations such that a single crew member cannct operate both
swiiches with effect.

¢. Numeric entry switches for operator input of unique data codes for prearming and
other functions.

8.2.11.4 Nuclear Displays

ISSUE: What AIS performance should be specified for the Nuclear Displays?

GUIDANCE: The AIS should provide the foliowing display information: indication of
locked/unlocked status of each S & RE, indication of ability to determine pre-a:m status, and
indication of each stores pre-arm status.

8.2.11.5 Nucleat Store Intertaces

ISSUE: Whal AIS performance shouki be specified for the Nuciear Store interfaces?
GUIDANCE: The AIS should provide at relevant stations a MIL-STD-1760 compiiant interface.

For non MIL-STD-1760 storas compliant System 1 interfaces should be provided. These
interfaces should be managed to provide:
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a Maximum probability of inadvertent pre-arming should be less than 1 in 1010,
weapon system lifetime.

b. Maximum probability of inadvertent authorization should be less than 1 in
105/year/weapon system.

c. Maximum probability of unintentiona! transmission of “intent® command should be
less than 1 in 107/year.

8.3 AIS General Periormanca This paragraph contains subparagraphs 8.3.1 through 8.3.6.
These provide performance guidance for the following subjects:

Expansion Provision
Reliability

Maintainability
Volume/Mass
Environmental Performance
Miscellaneous Requirements

8.3.1 Expaansion Provision
ISSUE: What AIS performance should be specified for Expansion Provisions?

~oppop

GUIDANCE: Expansion provisions for the AIS should be limited to provision of extra store
stations and extra functional performance at current interfaces. Becausa all new stores should
have MIL-STD-1760 interfaces it is unlikely that additional interface types will be required.
The following initial expansion provisions should be specified for the AIS at system, equipment
and module level.

a System
- 50% of instailed processing capacity to be unused
- 50% of installed program and data memory to be unused
- 50% of data bus capacity to be unused
- 25% of installed power wiring and connector pin provision to be unused
- 25% of installed high bandwidth wiring and connector pin provision to be unused
- 25% of installed armament network discrete wiring and connector pin provision to be unused
- 10% of all other installed connector pin provisions to be unused

b. Equipment
- 20% of installed module space allocation to be unused in central equipments
- 50% of installed internal data bus capacity to be unused
- 20% of specified maximum power consumption to be unused in central equipments
- predicted estimates of reliability and environmenta! tolerance to assume 20% increase
in internal power dissipation

¢. Module
- All program data and code to be reprogrammable

8.3.2 Rsliability
ISSUE: What AIS performance should be specified for Reliability?
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GUIDANCE: The AIS should provide the following reliability for these parameters:

MT8D (Mean Time Betwaen Defects)

MTBF (Mean Time Between Failures)

MTBCF (Mean Time Between Critical Failures)
Damage Tolerance

poop

8.3.2.1 MTIBD A defect is defined as any component failure, or Built in Test failure report,
regardless of whether or not operational performance is impaired. The MTBD for the AIS should
not be less than 250 hours.

8.3.2.2 MIBE A failure is defined as an inability 1o execute or potentially execute a function.
Failures for the AIS exclude failures in redundant inputs, outputs or processing. The MTBF for
the AIS should not be less than 1000 hours. Consideration should be given to further specifying
that the probability of any failure being present should not exceed 10-3 when measured one
hour into a mission started 100 hours after the last 100% system test.

8.3.2.3 MTIBCF A critical failure is defined for the AIS as a failure that would directly endanger
life, health or safety of fight. The MTBCF for the AIS should not be less than 1 X i07 heurs.
Consideration should be given to further specifying that the probability ol a critical ::".17e
having occurred should not exceed 10-7 when measured one hour into a mission starte. 0
hours after the last 100% system test.

8.3.2.4 Damage Tolerance The AIS should provide for tolerance of single detects to:

a Prevent inadvertent release/jettison

b. As far as possible provide for release of at least one store of all weapon types

¢. Provide degraded release capability for all weapons where possible (such as boresight
firing in lieu of tull targeting before firing)

8.3.3 Maintainability
ISSUE: What AIS performance should be specified for Maintainability?
GUIDANCE: The AIS should provide specific performance for these parameters:

Built in Test (BIT) detection
BIT isolation

BIT execution

MTTT Mean Time To Test
MTTR Mean Time To Repair
Modularity

~oppop

8.3.3.1 BII detaction The AIS should provide BIT such that at least 95% of all defects arising
are detected. This should be specified as a Mean Time Between Undetected Defects which should
exceed 5000 hours. Consideration should be given to specifying a Mean Time Between Undetected
Critical Defect (component failures, or BIT failure reports, which degrade the instantaneous
MTBCF) of 25,000 hours.

8.3.3.2 BIT isolation The AIS shouid be capabie of isolating at least 90% of all defects to a
flight line replaceabie module. This again should be specified as a Mean Time Between Defects
NOT !solated which should exceed 5000 hours.
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8.3.3.3 BIT execution The AIS should provide for three BIT modes. These should be continuous
in flight BIT, operator demandable interruptive BIT and Power up BIT. Full defect detection and
isolation performance should be achieved following execution of Power Up BIT and in flight
continuous BIT. Interruptive BIT should additionally provide for initiation of store BIT.

8.3.3.4 MITT The AIS should have an on-aircraft MTTT of less than 5 minutes using only BIT
facilities.

8.3.3.5 MITR The AIS should have an on-aircrait MTTR of less than 20 minutes. This should
include execution of BIT, removal and replacement of faulty item and retest.

8.3.3.6 Modularity The AIS should maximize the use of common modules used in other avionic
systems. This should be achieved by specifying such specific items as CFE or GFE. For necessary
unique to AIS units and modules the AIS should provide that:

Total # of unique units and modules exceeds 2.5
Total # of unique unit and module types

This effectively requires that each unique design is used an average of 2.5 times in each AIS.
834 Yolume/Mass

ISSUE: What volume/mass limitations should be specified for the AIS?

GUIDANCE: Specific guidance is difficult to provide for AIS volume and mass because of two
factors: the high weight of necessary AIS power wiring relative to typical equipment weights,
and the airframe specific nature of volume and space constraints. Typical volume/mass figures
can be set as:

a 1.7 liters (100 in3) and 1.7Kg (3.81b) per ASI for equipment local 1o weapon
slations.

b. 12.4 liters (750 in3) and 12.4Kg (27 Ib) for AIS ceniral equipments.

8.3.5 Enviropmental Requirements
ISSUE: What environmental tolerance should be specified for the AlS?

GUIDANCE: Environmental performance is specific to aircraft as it is derived from
consideralions of aircraft structure and mission roles. For new implementations the required
performance has become markedly more stressing. Environments for integrated rack located
modules should be as defined for Pave Pillar (see SPA -90099001A). Typical requirements are
listed below for the main categories of environment.

EmMC EMP
Temperature/Altitude Vibration/Shock
Contamination

8.3.5.1 EMC

ISSUE: What AIS performance should be specified for the EMC?
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GUIDANCE: AIS equipment should comply with MIL-STD-461 Class A1b requirements with
RSO3 field intensities of typically 100 Volts/meter for internal fuselage mounted equipments
and 200 Volts/meter for equipments in exiernal pylons.

8352 EMP
ISSUE: What A'S performance should bs specified for the EMP?

GUIDANCE: It is extremely difficult to specify EMP performance for the AIS because of the
difficulties in absolute testing and of the secure nature of specific data. R is better therefore to
specify specific AIS design and test considerations (AlS design is considered in section 9). In
determining test requirements, consideration should be given to the form of EMP. This is
generally a rapid rise time and short duration fieid of strength exceeding 10 KVolvmeter. This
is shielded by the aircraft structure, but still can produce 1 K Volt spikes on unshieided AIS
signal lines. A typical EMP test is, therefore, to inject onto every AIS equipment extemal signal
line a one cycle sinusoidal pulse of amplitude 1000 Volts. This should be repeated for several
sinusoidal frequencies (to avoid fortuitous resonant dissipation) between 1 MHz and 20 MHz.
The source impedance for the pulse should be typically 10 ohms.

8.3.5.3 Iempearature/Altitude
ISSUE: What AIS performance should be specified for the Temperature/Altitude

GUIDANCE: AIS equipment should generally be to MIL-E-5400 Class 2. Equipment mounted
adjacent to weapon stations should be to class 3.

8.3.5.4 Yibration/Shock
ISSUE: What AIS performance should be specified for Vibration and Shock?
GUIDANCE: AIS equipments should generally be in accordance with MIL-E-5400 figure 2 curve

IVa (10g) sinusoidal vibration. Random vibration performance should be specified individually
for each aircraft.

8.3.5.5 Contamination
ISSUE: What AIS performance should be specified for Contamination?

GUIDANCE: The AIS should minimally provide lolerance of contamination as specified in
MIL-E-5400.

8.3.6 Miscellanaous
ISSUE: What AIS performance should be specified for the Miscellaneous parameters?

GUIDANCE: It is not possible to meaningfully define specific AIS performance for factors such as
Power Dissipation, Power Consumption and other factors because of the specific to aircraft and
aircratl location of the real requirements.

8.4 |nterfaces As defined in section 7 the AIS has interfaces with the aircraft, the crew and the

stores. Although each of these should be clearly specified for the AlS, the relevant crew and
stores interfaces have already been specified in paragraph 8.2. This section considers therefore
only the aircraft intertaces.
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ISSUE: What AIS performance should be specified for the aircraft interfaces.

GUIDANCE: The AIS-to-aircraft interfaces will consist of the areas listed below which are
discussed in paragraphs 8.4.1 through 8.4.6.

Power supplies Digital Interfaces
Discrete interfaces Analog Interfaces
Connectors

8.4.1 Power Supplies

ISSUE: What AIS performance should be specified for the aircraft power supplies?

GUIDANCE: The AIS should receive from the aircraft the following power supplies defined in
terms of availability, voltage, current fault clearance and interruption characteristics:

a Availability - 28 Volts primary supply
28 Volts secondary supply
115 Volits 3 phase primary supply
115 Volts 3 phase secondary supply

b. Voltage - Voltages should be as defined in MIL-STD-704 for generation equipment
with maximum voltage drop of 0.5 volts.

¢. Current - The following continuous currents should be available: 28 Volts (primary
and secondary; with 100 Amps per supply: 115 Volts (primary and secondary) with 50 Amps
per phase.

d Fault Clearance - The supplies should have active fault clearing to prevent excessive
overcurrents. Performance should be as Table 8-10 for % of maximum continuous current.

TABLE 8-10 Overload Percentages

Duration of Overcurrent Must Supply Must Isolate
100 mS 650%

1 second 230% -

10 seconds 130% 400%
100 seconds 100% 250%

e. Interruption - The AIS shall tolerate interruption of any or all supplies for 200 uS
with no subsequent effect on AIS function (outputs may be disabled during interruption). The
AIS shall retain all inventory data during interruption of any or all supplies for a minimum of 1
second. No power supply intérruption may cause any unintended release. No single power
supply failure shail prevent separation of stores in Emergency Jettison.

8.4.2 Digital Interfaces
ISSUE: What AIS performance should be specified for the Digital Interfaces with the aircraft?
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GUIDANCE: The AIS should interface with the aircrafi digital data systems via a redundant
interface with a High Speed Data Bus (HSDB). The interface should minimally support the
following performance allocation to the AlS:

a Data Rate of 100 K bit in any one second (peak rate may be higher)

b. Oata Update rates to 25 Hz

c. Addressing space of S100 16 bit data words. These may be “paged” (MIL-STD-1553
supports only 1920 unless “paging® of subaddresses is used)

d Unique addressing of AIS for up to two AIS redundant HSDB terminals

8.43 Discrete Interfaces
ISSUE: What A!S performance should be specified for the Discrete Interfaces with the aircraft?

GUIDANCE: Provided that the critical controls are implemented within the AIS there are
required discrete interfaces (Address designation for the HSDB is considered as part of the digital
interfaces). Discrete interfaces should be provided for the following data:

a Engine Disturbance Pon
b. Engine Disturbance Starboard
c. Camera Event Marker (to enable recording of events during store separation)

8.4.4 Analog Interfaces
ISSUE: What AIS performance should be specified for the Analog Interfaces with the aircraft?

GUIDANCE: The AIS should provide the following bidirectional analog interfaces with the
aircraft:

a Two redundant 50 ohm 1.6 GHz (specified as MIL-STD-1760 type B)

b. Two 50 ohm 20 MHz (specified as MIL-STD-1760 type A)

c. Two 75 ohm 20 MHz (specified as MIL-STD-1760 type A)

d Two redundant 78 ohm 1 MHz interfaces (specified as 6d8 cut off at 20 Hz and 1 MH2)

Note this can also be used to transfer MIL-STD-1760 LB signals and should be compatible with
such ftransfers.

8.45 Conneclors
ISSUE: How shall connectors be specified for the AIS - aircraft interfaces?

GUIDANCE: The AIS should provide connectors for the interfaces with aircraft systems as
follows:

Where possib'e MIL-C-38999 connectors should be used.

Redundant signal interfaces should be implemented in separate connectors.
Power signals should be provided in separate connectors.

Power stiouid be provided by means of multiplo pins per supply. The preferred
number is ‘wo per supply and return where each pin is capable of supporting the maximum
current load.

poop

Note that this guidance does not apply to ASI connectors which are defined in MIL-STD-1760.
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9. SYSTEM DESIGN ISSUES AND GUIDANCE

This section describes those issues relevant 1o the AlS system design activity. The foliowing
subparagraphs are included:

Overview of the system design process

AIS functional partitioning

AIS internal interfaces

System design documentation

An example system included to show the impact of the above guidance

9.1 Qverview of the System Design Process The AIS system designer’s role is to design a
system of interacting subfunctions that together satisty the AIS requirements, as defined
by the Concept Definition phase, (sections 7 and 8). The essence of system design is the
concept of functional panitioning. As shown in Figure 9.1, the dasigner breaks down a
high level complex function into a number of lower level and individually less complex
subfunctions then allocates these subfunctions to physical elements, such as LRUs, or
modules in an integrated rack. To achieve this the designer must complete the following:

VOV
NDeaWwWwnN -

a Define Subfunctional partitions

b. Define internal interfaces

¢. Generate funclional dascriptions of elements

d Define System mechanisms used to implement a ‘high level' function

9.2 AIS Functional Paditioning The folliowing functional partitioning issues are considered
here:

a Partitioning viewpoints

b. Partitioning of External functions
¢. Partitioning of Internal functions

9.2.1 Panitioning Viewpoinls When partitioning the high level functions into subfunctions and
physical elements the folowing viewpoints need to be considered:

a Are sublunctions to be implemented in central or distributed equipments
b. Are subfunctions to be performed by existing equipments or by new equipments

¢. Are subfunctions 10 be performed by standard elements (such as standard modules for
integrated racks) or by specially developed dedicated elements

d Are sublunctions to be performed by hardware or software

These viewpoints will be used when considering the issues to be discussed but the relative
priority of these viewpoints for a particular issue will vary. The major high level functions of
the AIS can be divided between those that are visible from outside the AIS and those that are
invisible, that is wholly contained within the AIS. The visible functions are referred to as
external functions and the invisible functions are referred to as internal functions.

9.2.1.1 External Functions The external functions are those that have been defined in the AIS
concept definition process. These functions have to be split into subtunctions and the
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subfunctions atiocated 10 elements as shown in Figure 9.1. The key AlS subfunctions o consider
in partitioning the external funclions are:

- Power Switching - Satety Critical Switching

- Analog Network - AEIS Bus Control

- Data Formatting - Existing Store Interfaces °

- Avionics Interface * - Displays *

- Controls * - Nuclear Control *

- Reliability * - Success *

- Safety * * These are not Core AlS functions

92.1.2 |ntemal Functions The key AIS internal functions o consider in internal partitioning
are listed below and addressed in 9.2.3.

- Decision Processing - BIT
- DataBase - Internal Interface Management
- Power Regulation - Power Distribution

9.2.2 Partitioning of Extemal Functions As defined earlier an ‘external’ function is a definable
tunction of the AIS. These are therefore the same functions as considered in paragraphs 7 and 8.
Sub paragraphs 9.2.2.1 through 9.2.2.17 provide partitioning guidance for the functions
considered in 8.2.1. through 8.2.11 and 8.3.1 through 8.3.6.

7m¢n Leve! Function 1 High Lavel Function 2

? 1.4

I3
»
»
A

7
'\"P

Elements 4 < ® 5 < » 6 s
Element 1 Element 2 Eloment 3

SpiR into
Sublunctions

Allocate

Define
internal

interfaces

FIGURE 9.1 Functional Partitioning

9.2.2.1 Store Interface The main subfunclions of store intertaces, identified earlisr as being
located in the AIS, are MIL-STD-1760 ASI and non-AEIS signcis. The partitioning of functions
within the AIS to provide the non-AEIS signais is very dependenl on individual alrcraft
requirements and so no particular guidance is offered for this area. The MIL-STD-1760 ASI
signals can be divided into eight categories which are listed beicw. The following paragraphs give
general guidance of how these signals can be partitioned within the A:S.



- High Bandwidth signals - MUXBuses

- Low Bandwidth signals - Release Consent
- Interlock - Structure Ground
- Address Discretes - Power

9.2.2.1.1 High Bandwidih Signals

ISSUE: How should the High Bandwidth network function be partitioncd within the AIS?
GUIDANCE: The switching of the High Bandwidth signals and associated networks is recommended
to be provided centrally within the AIS. In a retrofit situation existing equipments may provide
some form of networking tut this would probably need modfications io meet all the
requirements of MIL-STD-1760.

9.2.2.1.2 MUX Buses

iSSUE: How should the Mux Bus and its control be pantitioned within the AIS?

GUIDANCE: The provision of the bus control function for the MIL-STD-1553 Mux buses is
recommended to be provided centrally within the AlS. In a retrofit situation this function would
probably not currently exist and would have to be provided by new equipment.

9.2.21.3 Low Bandwidth

ISSUE: How should the Low Bandwiath network function be partitioned within the AIS?
GUIDANCE: It is recommanded that this be treated in the same way as the High Bandwidth signals
and therefore this function chould be provided centrally within the AIS. For retrofit situations
this function could probably be incorporated into existing equipments.

9.2.2.1.4 Releasq Consent

ISSUE: How should the Release Consent control function be partitioned within the AIS?
GUIDANCE: This function should be distributed within the AIS as switching of this safety critical
signal should be as close to the ASI as possible to reduce the effects of eleciromagnetic pick up on
the wiring to the ASI. For retrofit situations this function could probably be incorporated into
existing equipments.

9.2.2.1.5 |nterlock

ISSUE: How should the interlock monitoring function be partitioned within the AIS?
GUIDANCE: This function should be distributed within the AIS to reduce aircraft wiring by
providing monitors within the local store station equipments and transmitting the result to
process control equipment(s) on the internal AIS Bus. For retrofit situations this function could
probably be incorporated into existing equipmants.

9.2.2.1.6 Stucture Groynd

‘SSUE: How should the Structure Ground function be partitioned within the AIS?
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GUIDANCE: This function should be distributed, because the bonding to the aircraft structure
should be made as close 1o the ASI as possible. Additional bonding poinis would probably need o
be provided to incorporate this in a retrofit situation.

9.22.1.7 Addrass Discretes
ISSUE: How should the Address Determination function be partitioned within the AIS?

GUIDANCE: This function should be distributed wittun ihe AIS 10 reduce aircraft wiring (see
10.1.4.3). In a cetrofit situation this function would require new equipment to provide the
necessary shorting links.

92.2.1.8 Powar
ISSUE: How should the Powar contro! function be partitioned within the AIS?

GUIDANCE: Wheraver possible this function should be disiributed but some of the power
switching may be provided centrally if necessary (see 10.1.5). In a retrofit situation, power
switching is probably already provided but the fault isolation elesrents would have te be changed
it they did not conform to the requirements of MIL-STD-1780.

9.2.2.2 Store Critical State

ISSUE: How should the store critical state function, identified in 7.4.2 and 8.2.2, be partitioned
within the AIS?

GUIDANCE: Ail of the three AIS subfunctions of the store critical state function identified
eariier, namely state command, state monitor and power supply management are considered as
central funciions within the AIS. For MIL-STD-1760A stores the primary method of critical
state control is via the Mux bus using the critical control and authority words. The
requirements of the standard necessitate the use of a high integrity bus controller, which in a
retrofit s.tuation is unlikely to be available. This bus controller would therefore have to be
provided within new equipment.

9.2.23 Daia io Stora

ISSUE: How should the relevant Data 10 Store functions, identified in 7.4.3 and 8.2.3, be
partitioned within the AIS?

GUIDANCE: The three AIS subfunctions of the Data to Store function identified earlier, that is
unique to store formatting, recomputation to store axes, and interface with store, should be
performed centrally within the AIS. The standard defines the interface to the store for data
transfer, that is the Mux bus, and also defines the data formats to be used on the bus. The AIS
would require processing power for the data formatting and a bus controller to either transmit
or control the transmission of the data to the store. In a retrofit situation an existing processor
may be able to perform the data formatting but the bus controlier would probably not exist and
so0 would have 1o be added as new equipment.

9.2.2.4 Data trom Store

ISSUE: How should the relevant Data from Store functions, identified in 7.4.4 and 8.2.4, be
partitioned within the AIS?
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GUIDANCE: The three AIS subfunctions of Data from Store identified earlier, that is unique to
user formatting, recomputation 1o user axes, and interface with avionics, should be performed
centrally within the AIS. The standard defines the interface to the AIS for data transfer, that is
the mux bus, and also defines the data formats to be used on the bus. The AIS would require
processing power to reformat the store data for use by the avionics and a bus controlier to either
receive or control the reception of the data from the store. In a retrofit situation an existing
processor may be able to perform the data formatting but the bus controller would probably not
exist and s» would have to be added as new equipment.

9.2.25 filore Salection

ISSUE: row should the relevant Store Selection functions, identified in 7.4.5 and 8.2.5, be
partitioned within the AIS?

GUIDANCE: The three AIS subfunctions of Stcre Selection identified earlier, that is station
determination, store initialization management, and weapon package retention, are all dependent
on particular aircraft and store implementations, bul should be implemenied centrally. This
funclion is not affected by MIL-STD-1760.

9.2.2.6 Store Fuzing

ISSUE: How should the relevant Store Fuzing functions, identitied in 7.4.6 and 8.2.6, be
partitioned within the AIS?

GUIDANCE: Both the AIS subfunctions of Store Fuzing identified earlier, that is fuzing
management and fuzing times computation, are dependent on particular aircraft and store
implementations but should be implemented centrally. This function is not affected by
MIL-STD-1760.

9.2.2.7 Store Release

ISSUE: How should the relevant Store Release functions, identified in 7.4.7 and 8.2.7, be
partitioned within the AIS?

GUIDANCE: The eight AlS subfunctions of Store Release identified earlier, that is Suspension
Equipment Management, Weapon Bay Management, Release Management, Release Timing, Release
Sequence Determination, Balance Management, and Engine Control Assistance, are all dependent
on padlicular aircraft and store implementations, but should be implemented centrally. This
function is not affected by MIL-STD-1760.

9.2.2.8 Store Jeflison

ISSUE: How should the relevant Store Jettison functions, identified in 7.4.8 and 8.2.8, be
partitioned within the AIS?

GUIDANCE: The three AIS subfunctions of Store Jettison identified earlier, that is Seleclive
Jettison Management, Emergency Jettison Management, and Store Safe Verification, are all
dependent on particular aircralt and store implementations but should be implemented centrally.
This tfunction is not affected by MIL-STD-1760.
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9.22.9 |Inventory

ISSUE: How should the relevant Inventory functions, identified in 7.4.9 and 8.2.9, be
partitioned within the AIS?

GUIDANCE: Both AIS subfunctions of Inventory identified earlier, that is inventory Confirmation
and Inventory Update in Mission, should be implemented centrally. The store description pages
defined in MIL-STD-1760 could be used during Inventory confirmaticn. This store
identification information could be transferred from the stores, using the MIL-STD-1553
stores bus, lo the central control equipments 1o confirm the correct store is present at each ASI.

9.2.2.10 Crew Interface

ISSUE: How should the relevant Crew Interface functions, identified in 7.4.10 and 8.2.10, be
partitioned within the AlIS?

GUIDANCE: The critical controls interface, identified earlier as the only AIS subfunction of Crew
Interface, should be distributed. The actual interfaces included are dependent on the particular
aircraft implementation, but they form a key part of the safety critical control function of the
AlS. The monitoring of these interfaces should be performed centrally. This function is not
affecled by MIL-STD-1760.

9.2.2.11 Nuclear Coptrols

ISSUE: How should the relevant Nuclear Control functions, identified in 7.4.11 and 8.2.11, be
partitioned within the AIS?

GUIDANCE: The three AIS subfunctions of Nuclear Control identified exrlier, that is S & RE
Management, Crew Controls and Crew Displays, should be performed centrally within the AIS.
Their functions will be dependent on particular aircraft implemertations and not affected by
MIL-STD-1760. Note that two subaddresses, 19 and 27, are reserved itn MIL-STD-1760 for
communications with Nuclear Stores.

9.2.2.12 Expansion Provision Three issues are discussed here: Memory, Processing, and
Interfaces.

9.2.2.12.1 Memory
ISSUE: Where should memory expansion capabililies be provided within the AIS?

GUIDANCE: Memory expansion for the AIS needs to be provided centrally within the units
associated with system control and management.

9.2.2.12.2 Processing
ISSUE: Where should spare processing capacity be provided within the AIS?

GUIDANCE: Spare processing capacity needs to be provided centraliy for the AIS within the units
associated with system control and management.

9.2.2.12.3 Interfaces

ISSUE: Where shourd the capability for additional store interfaces be provided within the AIS?
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GUIDANCE: The design of the system as a whole should accommodate the addition of exira
MIL-STD-1760 store interfaces with minimal hardwarc or software changes. This could be
achieved by allowing additional ASIs and their associated Store Station Equipments to be added
with minimum effect on the existing equipments. Consideration should be given 10:

a Providing spare remote terminal addresses on the stores and/or armaments buses to
accommodate additional equipments and interfaces

b. Providing expansion capability for the internal AIS discrete and power interfaces to
accommodate additional equipments

¢. Providing modular software which can easily accommodate the addition of extra
equipments and interfaces

9.2.2.13 Reliability

ISSUE: How should the reliability of the system be partitioned within the AIS?

GUIDANCE: The reliability figures in terms of MTBF, MTBCF and MTBD czan be apportioned
belween the different units within the system to give budgets for the individual LRU designers to

work with. An example of this partitioning for MTBF and MTBD is shown in Figure 9.2 for a
simple eight station system with a high level of standby redundant circuitry.

S MTBF = 1000 h
System MTBD = 400 hrs. PCE
MTBF = 2850hrs
MTBD = 800hrs
SINGLE DOUBLE DOUBLE DOUBLE SINGLE
SSE SSE SSE SSE SSE

MTBF = 10000brs MTBF = 6700hss MTBF = 6700hrs MTBF = 6700hrs MTBF = 10000brs
MTBD = 5200brs MTBD = 3500brs MTBD = 3500hrs MTBD = 3500hrs MTBD = 5200brs

ASI 1 ASI 2 ASI 3| | ASI 4 ASI §|] ASI 6 ASL 7 ASI 8

FIGURE 9.2 Typical System Reliability 8reakdown
9.2.2.14 Maintainability

ISSUE: How should the maintainability requirements of the system be partitioned within the
AIS?
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GUIDANCE: The main partitioning associated with maintainability that can be achieved is for the
Built in Test (BIT) function. The cor.irol of the BIT funclion should be located in the central
processing and control equipment. Dedicated monitoring circuitry for sel! testing should be
distributed throughout the system to allow the central processing and control equipment to check
that demands have been correctly implemented and the system is in the comect state. Any
failures identified should be recsrded in BIT result storage facilities within the failed unit.

9.22.15 Yolumie/Mass
ISSUE: <vhat guidance can be given for the pantiioning of volume and mass within the AIS?

GUIDANCE: No specific guidance is offered in this area as it is dependent on the position and space
avai' “Hle for the various equipments on a pariicular aircraft.

9.2.2.16 Environmental

ISSUE: What guidance can be given for the effects of environment on the partitioning within the
AlS?

GUIDANCE: No specific guidance is given here as this has previously been discusced in 8.3.5.
9.2.2.17 Miscellaneouys
9.2.2.17.1 Power Dissipation

ISSUE: What guidance can be given for the effects of power dissipation on the partitioning within
the AIS?

GUIDANCE: No specific guidance is offered in this area as the power dissipation for an individual
equipment is limited by its position and the environmental conditions of a particular aircraft.
The potential availability of blown air or liquid cooling should be considered to enhance the MTBF
figures. However, these will probably not be available outside of the fuselage section of the
aircraft.

9.2.2.17.2 Power Consumption

ISSUE: What guidance can be given for the effects of power consumption on the paritioning
within the AIS?

GUIDANCE: Power consumption of the equipments within the system should be considered
negligible compared with the possible power requirements of MIL-STD-1760 stores, that is 2
KW for Primary connector and § KW for Auxiliary Connector.

9.2.3 Parlitioning of Internal Functions
ISSUE: How should the AIS system designer implement internal functions?

GUIDANCE: As definud earlier an internal function is not a true function of the AIS but is a
clearly identifiable function of the probable AIS design. Internal functions considered in 9.2.3.1
through 9.2.3.6 include Decision Processing, BIT, Data Base, internal, Intarface Management,
Power Regulation and Power Distribution. As these are not core AlS functions only brief
guidance is give:n.
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9.2.3.1 Decision Processing Decision processing is that processing which changes the execution
of repetitive processes. As an example target data may be computed and transferred over a fixed
path at a rate of 10 Hz. There may be a number o conditions which require that rate 1o be
increased 1o 20 Hz. This change cannot be executed unilateraily by the target data computation
and a decision has to be made to increase the rate. It is such decisions that are effected by
decision processing. Trey form the highest levels of processing in the AIS. For the AIS typical
decision processing required is determination of slore slates, definition of data paths, and
determination of S&ZRE states. The input dala to these functions is derived from many dispersed
sources and must either be brought together at one central point or communicated to equipment
local to the actions required. Claarly the latter alternative requires more data transfers, more
processing and greater memory requirements. For these reasons decision processing should be
executed centrally by AIS software elements.

9.2.3.2 BIT This function has already been discusscd under maintainability in paragraph
9.2.2.14.

9.2.3.3 Dala Base This function should be performed centrally as it supports the decision
processing function which is recommended as a centralized function. The data base content is
discussed in paragraphs 8 and 11.

9.2.3.4 |nternal Interface Management There are clearly many internal interfaces within the
AIS. The most important ot these are the highest level internal interfaces that communicate
between the highest level system components. As has been considered earlier in paragraph
9.2.2, there will have to be several physically separate equipments in the AIS to reduce wiring
weights and provide safety against EMI hazards. The internal interfaces considered here are
therefore the ccmmunication links between those equipments. The management should be
performad centrally within the AIS as a distributed internal interface management would:

Complicate the system

Make it more difficult 10 predict the safety and reliability of the system
Increase system cost and weight

Degrade performance

aoouw

9.23.5 Power Requlation Power regulation (the conversion from aircraft supplies to power
supplies used by AIS electronic circuitry) should be distributed to each AlS equipment for
several reasons:

a It avoids an excessive power dissipation burden appearing in any one equipment.

b. It provides for greater fault tolerance.

c. It provides higher EMC performance (both susceptibility and emission).

d A centralized system would inevitably still require local regulation of part regulated
central power sources (such as 7 volis locally regulated to 5 volts). This will increase the total
power dissipation and equipment cost and weight.

9.2.3.6 Power Distribution This function should be performed from a central unit to allow the
central decision processing function to more easily monitor and control the state of the power
within the whole system. This will also simplify the aircraft wiring as only single points of
connection and fault clearance will be needed between aircraft power and the AIS.

9.3 AlS Internal Interfaces

ISSUE: How should the AIS system designer address specification of iniernal interfaces?

189




GUIDANCE: The AIS system designer must design and define all the internal interfaces between
elements. These interfaces in total usually exceed the external interfaces. As defined in 9.2.3.4
the most important internal interfaces are those between the separate AIS equipments. The
Guidance provided here is in general brief because the internal AlS interfaces are dominated by
factors other than MIL-STD-1760. These other factors include the existing systems retained (if
a retrofit) or the avionic philosopnies such as Pave Pillar, if a new program. !ssues to be
considered in defining interfaces include:

- Connectors and Cabling - Power Interfaces
- Digital Interfaces - Discrete Interfaces
- Analog Signals

9.3.1 Conneclors and Cabling
ISSUE: How should the AIS system designer specify cables and connectors?

GUIDANCE:
9.3.1.1 Apnalog and Mux Bus It is recommended that, whenever possible, separate connectors be
used for the following signals 10 =nsure adequate screening of these signals is maintained:

a MUXBusA

b. MUXBusB

c. High Bandwidth 1 and associated internal networi.s
d. High Bandwidth 2 and associated internal networks
e. High Bandwidth 3 and associated internal networks
f. High Bandwidth 4 and associated internal networks
9- Low Bandwidth

Space limitations may prevent this so as a minimum ali the above signals should have separate
Triaxial or Coaxial contacts.

9.3.1.2 Power Wherever possible high current signals and low current signals should be
routed through separate connectors to reduce conducted interference onto signa! lines from
switching of high currants on otker lines. The sizes of cable and connector contacts used for
routing power signals should be the largest that are practicz. to reduce the voltage drops through
the AIS. As MIL-STD-1760 requires the use of size 10 and 16 contacts, these will be the default
sizes in the AIS equipment conneciors. If excessive voltage drops occur within the AIS wiring it
will be very difficult to comply with the power interface requirements of MIL-STD-1760.
Wheraver possible the power wising should be routed separately and pass through connectors
which do not carry other types of signals. This should reduce interlference on other signals
caused by current or voltage changes on the power lines.

9.3.1.3 Connector Ranges The preierred connector type is MIL-C-38999 series lil.
MIL-C-38999 connectors aie required (by AFR-122-10) for mos! connections for any nuclear
certified AlS, and their high reliability and “chatter proof* periormance offer system
performance benefits. The series !l connectors feature a ‘scoop proof threaded lock design
which provides benefits in both mating and security of connection, as well as providing a high
level of protection against EMC.

9.3.2 Power Intertaces
ISSUE: How should the AlS system designer specify power interfaces?
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GUIDANCE: The external power interfaces are specifiea in paragraph 8.4.! and MIL-STD-17690.
In specifying the internal power interfaces the AIS designer needs to considc: how the voltage
drops (from the aircraft power supplied to the ASI) will be partitioned throughout the AIS. Once
this has been completed the system designer can specify for each AIS equipment the voitage,
current, fault isolation and power interrupt characteristics.

9.3.3 Digilal Inlerfaces

ISSUE: How should the designer specify the use of digital transmission in the AIS?
GUIDANCE:

9.3.3.1 Digital transfer standards selection !t is recommended that a MIL-STD-1553 dual
redundant data bus be used for internal AIS digital data transfer. The AIS is already commitied to
provide MIL-STD-1553 interfaces to the ASI and so it would simplity the design of the AIS if the
same method of digital data transfer is used internally. Other digital transfer standards that may
be relevant are the Pi-Bus (a 16 bit parallel bus intended for communication between standard
modules in integrated racks) and the High Speed Data Bus (a standard bus still in definition
which will provide data rates and capacities of at least an order of magnitude higher than
MIL-STD-1553). These standards are applicable to the AIS but only for inter module
communication and interfacing with the avionics data centers.

§.3.3.2 Consolidation with other buses It is recommended that the same bus is used for both the
MIL-STD-1760 mux bus and the internal AIS/SMS bus. A single dual redundant bus should be
adequate to support the bus traffic requirements of the stores and the SMS and the single dual
redundant bus would reduce the aircraft wiring and Bus Control requirements. A limiting factor,
especially on larger systems, may be that the number of Remote Terminal addresses required
internally to the SMS and for all the store stations exceeds the number of addresses available on a
single bus (31). Other limiting factors 10 consider may be the electrical performance of the bus
and the data capacity, if a large number of stores are to be simultaneously targeted. In these
cases two or more separate dual redundant buses may be provided. Where two or more dual
redundant buses are implemented, the first partitioning of these buses should be to separate
MIL-STD-1760 and SMS (including existing store data) transfers. Should further partitioning
be required to three or more dual redundant buses, then the design should avoid ‘vertical'
partitioning of buses (where data is routed through levels of data buses) and instead incorporate
two or more AIS Bus Controllers in the same central equipment. These should be allocated not to
port and starboard ASI| but instead to an equal mix of port/starboard and forward/rear stations.

9.3.3.3 Protocol and data formats It is recommended that where applicable the internal AIS data
formats are the same as the data formats defined in MIL-STD-1760. Similady it is
recommended that where applicable the AIS uses the protocol defined in MIL-STD-1760. This
should simplify the system control software within the AIS as the same data formats and
protocols will be used for all transfers on this MIL-STD-1553 bus.

9.3.4 Discrete Interfaces
ISSUE: How should the designer specify the use of discrete signals.

GUIDANCE: The use of discrate signals is recommended to provide direct safely interlocks
(safeguards) on critical signals. This is almost essential for the Release Consent signal which is
recommended be interlocked with selection of Trigger/Weapon Release. It is recommended that
only the Master Arm Interlock is protected by discrete signaling within the AIS. Other signals
internal to the AIS may need similar interlocks such as the safely critical signals for the S & RE.
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Lastly if the AIS also implements the SMS function there will have to be a high integrity
implementation of Emergency Jettison. This will require that even with the MIL-STD-1760
data bus failed, then stores will still be separated. This is recommended to be implemented by
use of backup discrete signais. In summary, to each remote AlS equipment the following signals
should be transferred in discrete form: Amning/Jettison enable, Release A and Release B enable,
and Emergency Jettison demand.

9.3.5. Analog Signals
ISSUE: How should the designer specify the use of AIS internal analog signals?
GUIDANCE: MIL-STD-1760 requires analog networks 1o be provided for the following signals:

- High Bandwidth 1 (20Hz to 1.6GHz) - High Bandwidth 2 (20Hz to 20MHz)
- High Bandwidth 3 (20Hz to 20MHz) - High Bandwidth 4 (20Hz to 20MHz)
- Low Bandwidth  (DC to 50KHz)

The AIS, in providing the network performance required by paragraph 8.2.3.5.1, must
implement internal analog interfaces as these signals are beyond the data capacity of any known
digital link. As discussed in paragraph 9.2.2.1.1 these signals should be networked centrally and
therefore the AIS Interfaces should have essentially the same signal specifications as in MiL-
STD-1760A.

9.4 System Design Documentation It is important that the system design is properly recorded in
documentation usable by experts other than the initial system design team. MIL-STD-490
identifies document outlines suitable for this purpose.

ISSUE: How should MIL-STD-490 be used to record the system design?

GUIDANCE: MIL-STD-490 identifies many different specification types and provides outlines
for each with detailed instructions for text style, wording and presentation. Later issues of MiL-
STD-490 ailow greater flexibility for use of contractor format documentation. The suggested
use of MIL-STD-490 is shown in *gure 9-3. This requires the use of 9 types of specification A,
B1. B2, B3, BS, C1b, C2b, C3, 2~ 5. Their use is briefly explained below. Two basic
vrinciples should always be applied in their use:

a A "Top Down" Casign should be employed. The design should not commence until an
adequate definition of requirements has been determined.

b. Requirements and Design should be separated. This allows for effective design review.

9.4.1 Type A - Systam Specrication This document should be used during the concept definition
phase (see paragraph 7 to collect in one document the functiona: requirements of the AlS. The
Type A specification should contain information on the missions supported and how the AIS should
function through those missions. The Type A specification may be used to describe the whole
aircraft avionics in which =ase the AIS functions will constitute a section. The Type A
specification may rot be continually updated throughout the AlS cevelopment and constitutes an
initial direction statement. No development work should be specified by the Type A specification.

9.4.2 e B 1i ecification This document should be used 10 define
the specific perbrmance and desogn reqmremems of the AIS. The data for this document will
come from the work described in paragraphs 7 and 8. Content of the Bt specification should
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include those items lsted below. If convenient the B1 specification can be combined with the AIS
C1b specification as parts | and Il of the same volume.

- AIS functions

- AIS functional performance

- AIS external interfaces

- Definition of existing equipment performance and interfaces where these are 1o be retained
- Design constraints (standards efc)

- Testing requirements

‘A’ Specification
AlS FPuacticas «

| ee-.
1
B1 Specification
ALS Requirements
l

C1b Specification
AIS System Desige

T
- L 1
B2 Specification B2 Specificatioa BS Specification
Equipmest Equipment AlIS Software
Requiremests Specificstions Requirements
L v : 1 :
C2s Specification C2b, B3, BS etc CS Specification
Bﬁ:‘m AlS Soltware
g® Design
| ] Code Documestation
B3 Specification BS Specification
Modeule Firmware
Requiremests Requirements
| | :
C3 Specification CS Specification
Module Firmware
Design Design
Hardware Firmware
Documentatios Documentation

FIGURE 9.3 AIS and MIL-STD-490

9.43 Iypa B2 Critical tem Specification These documents should be used for each new or
modified existing equipment of the AIS 1o determine the equipment specific performance. Content
subjects are therefore similar 1o the type B1 specification. For the system described in
paragraph 9.5, type B2 specifications would be required for the PCE and SSEs.
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9 4 ‘ e - .'A—\.'ll (3 '.‘I These mmems ShOUU “
generated for every removable module lo be developed or modified for the AIS. Content subjects
are therefore similar to the Type B1 specification but are addressed at a lower level.

945 v 0 ecification These documents shoukd be
generated br every sepaale sottware package to be developed for the AlS. These will be broadly
of two types: application software and equipment fitnware. The content of the BS specification
may overlap significantly with documentation required by DOD-STD-2167 and therefore such
documentation may be used in lieu of a BS specification. Subject area for inclusion in the BS
specification (or its equivalent) should include:

Software functions - Software performance (rates, accuracies)
inputs - Outputs
Testing requirements - Processing Limitations (ips, memory etc)

% : icati ecification This document should be
developed in resporse o the type Bt spec:ﬁcahon As such the contents are similar but with the
emphasis on design and performance achieved. In documenting the design the C1b specification
provides for design review against Bt specification requirements and also control of
interchangeability. To achieve the latter cross reference has 10 be made to specific production
drawings or the B2 specifications of the AlS equipments. Content therefore includes:

a AIS functions

b. AIS performnance

c. AIS interfaces

d Definition of desigh by use of functional explanations of how AlS equipments and
software achieve sach AlIS function (System Mechanisms)

The C1b specification will progressively take precedence over the B1 specification as
development progresses.

9.4.7 Iype C2 Critical tem Product Fupction Specification These correspond to the B2
specifications as the C1b corresponds to the B1 specification.

9.48 Iype vication Specification These correspond to the B3
specifications as |he C1b corresponds to the 81 spoc:ﬁmhon Note however that much testing
here will be by inspection and demonstration.

9.49 Iype C5 Computer Program Product Specifications These correspond 1o the BS
specifications in a similar manner to the C1b - B1 relationship. C5 specifications will be
dominated by DOD-STD-2167 requirements.

9.5 An Examplg System This example system is included 1o show the impact of the guidance
given previously for the design of an example AIS. For the purposes of this example the
following assumptions have been made:

a The System is applicable to ditiering aircraft applications.

b. Aircraft avionics architecture is based on "Pave Pillar® concepts.

c. The system is applicable 10 new gircraft only (not compromised by retrofit
consideration).

d No nuclear considerations in basic design.

e. Previous guidance of sections 7 and 8 observed.
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The general form of the example design is shown in figure 9.4 as a system diagram. The
functions of the AIS have been implemented with the SMS function and are partitionad between
five equipment types:

Bulk Memory - Process Control Equipments (PCE)
Critical Controls - Remote Store Station Equipments
Fuselage Store Station Equipments .

These are interconnected via a High Speed Data Bus (HSDB) and an Armament Network. These
system components and interfaces are described below.

9.5.1 Bulk Memory This is a central bulk memory device and is based on the Pave Pillar
concepts. It is used to retain software and data files for the AIS and other aircraft systems.
When required, software and data relevant to the AlS are "downloaded™ lo the AIS processors
using the High Speed Cata Bus. Software for the AIS is separated into two distinct parts. These
are referred to as Safety Critical and non Safety Critical software. These parts can be separately
and independently compiled and are so partitioned to enable the end user to request non Safety
Critical software changes without requiring a full repeat of software safety analysis. The data
files for the AIS contain the information on stcre loadouts. In addition data files on Targets and
Trajectories will probably be included to enable the AIS to transfer this information to storas
when relevani.

9.5.2 Process Control Equipments(PCE) Two Process Control Equipments are implemented and

provide the following functions: .

Control of the Armament Network

Decision processing for SMS and AIS functions including critica! controls
Formatting of data for stores and other avionics systems

Recomputation of data to or from stores

Interface to avionics data

spoOop

The PCE are centrally mounted units and are of an integrated rack form. This means that they
may have no distinct physical boundary although electrically they are highly independent of
other avionics. One of the PCE is in a back-up standby mode to maintain the PCE function should
a failure occur in the primary PCE. For safety reasons each implements its own Power Supply
and PI-Bus backplane. With one exception, all of the modulss which makes up a PCE are standard
modules with part number commonalty with other avionics system modules. The exception is a
module which provides dedicated safety critical discrete interfaces to the Critical Controls and
the Armament Network.

9.5.3 (Critical Coplrols The Critical Controls are realized as discrete switches principally
located on th s aircrew f.rotlle and stick. Other controls are less accessible but still located in
the cockpit. They are directly wired to the AIS. The Critical Controls implemented for the pilot,
and if relevant the navigator, are: Air to Air and Air to Ground Weapon Release controls, Master
Arm, and Selective and Emergency Jetlison Controls. Other Critical Controls which are
implamented include those for gear up and locked and ground test override.
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9.5.4 Siore Station Equipment (SSE) To reduce the hazards of long signal lines connecting to
safety critical devices, and to reduce wiring in general, Store Station Equipments (SSE) are
implemented. There are two main c:ategories of SSE referenced to as “remote” and "core™ SSE.

9.5.4.1 Remote Store Station Equipment The remote SSE are units controlied by the Armament
Network and localed near to the weapon stations. Where two or more weapon stations are in close
proximity the SSE can be of multiple slation capability. Two criteria are used to determine
whether - station will be implemented by adding capacity to a multiple SSE or by adding a new
SSE:

a If an SSE is located in a removable structure then it must only control those stations
within the same removable structure

b. if the use of mulliple SSE means that the weapon station wiring is excessively long,
such that it becomes susceptible to electromagnetic interference, then separate SSE are required

The remote SSE provide the following functions:

a Interface 10 S & RE

b. Interface to Weapon Bay control signals (such as bay door opening)

c. Interface to the following MIL-STD-1760 signals: Data Bus, Power, Release Consent,
and Interlock

d Dedicated Interfaces tc existing stores (such as HARM and Maverick)

e. Discrete signals generic 10 many existing stores (28 volv0 volit inputs and outputs)

9.5.4.2 Core Store Station Equipment Two SSE located in the “fuselage” area of the aircraft are
designated as Core SSE. Their location must be as protected as possible to improve the reliability
of the sysiem. They must be fitted in all aircraft configurations. The core SSE implement
identical functions to the remote SSE with the foliowing additions:

a Analog Network for MIL-STD-1760 High Bandwidth and Low Bandwidth signals
b. Power Distribution to other AIS equipments
c. Sidewinder guidance signals distributed using Analog Network

Each core SSE provides these functions for one of two groups of weapon stations. All of the
weapon stations are determ'~ed as odd or even (usually by alternatively allocating SSE as "odd"
or “"even” progressing left tc tight front to back across the aircraft). This ensures that should
one fuselage SSE fail then, assuming a laterally symmetrical loadoult, full weapon type capability
will be provided with only the numbers of available stores reduced. To provide further
redundancy both core SSE provide power to each remote SSE.

9.5.5 Highi Speed Data Bus As described above the AlS receives software and loadout data by
interface to an avionics HSDB. This bus is additionally used to transfer the following data:

Aircraft Data (positions, time etc.)

Aircraft and Store Target Data (as may be required for MIL-STD-1760 stores)
Target, Trajectory and Threat Data (as may be requirea for MIL-STD-1760 stores)
Non-critical Crew Control and Display Data

pooE
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9.5.6 Armament Network To provide a link between the AIS equipments a high integrity
Armament Network is implemented. This includes the following:

a Data Bus - Providing a MIL-STD-1553 data bus vith stubs to the Store Station
Equipments. Stubs for the ASI are routed through the SSE to enable ASI isolation to be
implemented. This data bus conveys the majority of data (critical and non-critical) through the
AlS.

b. Discrete signals - Providing the discrete signals defined in paragraph 9.3.4.

¢. Power signals - Dual redundant 28 Volts and non-redundant 115 Volts three phase
distributed from the core SSE to the other SSE o be used by the remote SSE for switching to
their local ASis and for internal power.

d Analog - Direct connection of ASI High Bandwidth and l.ow Bandwidth signals from the
weapon stations to the core SSE.
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10. HARDWARE DESIGN ISSUES AND GUIDANCE

This section describes those issues relevant 1o hardware and equipment design of the AlS.
Particular emphasis is placed on MIL-STD-1760 implementation. The following subparagraphs
are included:

MIL-STD-1760A Implementation Guidance 10.1
Detailed Guidance on specific design issues 10.2

10.1 MIL-STD-1760A Implementation Guidance For the purposes of this paragraph,
MIL-STD-1760A is limited to the April 1985 Oraft as modified by pages 12 through 52a of
June 1985 Draft Notice 1. In practice discussions and guidance relate to the Sept 1985 issue of
MIL-STD-1760A plus Notices 2 and 3. Paragraphs of this section address the following
subjects:

High Bandwidth issues MIL-STD-1553 issues
Low Bandwidth issues Discrete Signal issues
Power issues Auxiliary Signal set issues
Connector issues Reserved provisions issues

10.1.1 High Bandwidth lssues The following issues are considered: High Bandwidth network and
Switching Elements.

10.1.1.1 High Bandwidih Network This is broken into three further issues: Centralized or
Distributed, Switched or FDM Technology, and Shared Usage (LB, 1553 or other signals).

10.1.1.1.1  Centralized or distributed
ISSUE: Should the High Bandwidth Network be centralized or distributed?

GUIDANCE: In generai a centralized system, as shown in Figure. 10.1.A, is recommended. The
major factors to be considered when deciding what type of network to implement are:

a YSWR The VSWR requirements stated in MIL-STD-1760 of 1.75 maximum for all
ASI-ASI signal paths is quite stressing. In a distributed system, as shown in figure 10.1, the
number of switch elements and connectors in some ASI-ASI signal paths can be very large
making it difficult to guarantee meeting the VSWR requirements. In a centralized system, as
shown in figure 10.1, the number of switch elements and conneclors can be limited and this
makes it more simple to guarantee meeting the VSWR requirement.

b. Amount of Aircraft Wiring The amount of aircraft wiring required to imglement the
two lypes of networks shown in tigure 10.1 are dependent on the following factors:

- Number of Network paths required - Number of ASIs required
- Position of ASls - What Class of Interface is provided at a
particular ASI

c. Broken Networks In a distributed system the networks are “daisy chained" across the
aircraft. If one of the equipments in the chain is removed, such as a store station equipment
fitted in a removable pylon, then High Bandwidth networking is also removed from all
equipments further down the chain. This problem does not arise in a centralized network
system.
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FIGURE 10.1 Centralized and Distributed High Bandwidth Networks

10.1.1.1.2 Swilched or FDM Technology
ISSUE: Should the High Bandwidth Network use switched or FDM Technology?

GUIDANCE: Use oi switched technology is recommended becausae the present staie of FOM
technology makes this option very expensive and at present it cannot cope w:th the transfer of
the 1.6 GHz type B signals. However FDM technology could give significant savings in aircraft
wiring I a parucular aircraft implementation requires many network paths arJ this may make
the use of FOM technology more atiractive.
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10.1.1.1.3 Shared usage
ISSUE: Could the High Bandwidth Network be used for other functions?

GUIDANCE: There may be opportunities to use the networks provided for the High Bandwidth
signals for transfer of o*her signals particularly certain signals from existing stores (for
example the video signal from Maverick AGM-65 missile). Great care must be taken to ensure
thal these signals are compatible with the network provided for High Bandwidth signals and that
such use does not compromise any of the requirements of MIL-STD-1760. Particular areas of
concern are: the effect that network terminations may have on these other signals, and the effect
on VSWR and attenuation in the High Bandwidth network if additional switch elements are
required to accommodate these other signals. Against this are the potential benefits in terms of
reduced aircraft wiring and potential space saving within equipments, due to the reduction in
circuitry required.

10.1.1.2 Swilching Elements This is broken into four further issues:

- Type B signals (1.6 GHz) - Type A signals {20 MHz)
- Connectors - Cabling

10.1.1.2.1 Iype B signals (1.6GHz)
ISSUE: What type of switching elements should be used for Type B signals?

GUIDANCE: It is recommended that specialized RF relays (for example Dynatech type D1, M or
N) be used for switching the type B signals as other switching methods will make it difficult to
meet the VSWR requirements. The use of multi-pole relays (as shown in figure 10.2) is
recommended to reduce the overall VSWR figure of the network.

10.1.1.2.2 Type A signals (20MHZ)
ISSUE: What type of switching elements should be used for Type A signals?

GUIDANCE: It is recommended that high quality signal relays (MIL-R-39016) be used for
swilching the type A signals, as these are relatively inexpensive and can provide acceptable
transfer characteristics to meet the MIL-STD-1760 requirements. Figure 10.2 shows a typical
switch configuration for the Type A signal paths.

10.1.1.2.3 Connectors
ISSUE: What type of connectors should be used for High bBandwidth signals?

GUIDANCE: It is recommended that whenever possible within the aircraft wiring and AIS
equipments, separate coaxial conneclors should be used for all High Bandwidth signals
particularly those carrying Type B signals (1.6GHz). An example of a suitable connector for
HB1 sigrals is a MIL-C-39012 SMA type connector. Failing that, the use of coaxial contacts
within a larger connector is acceptable. Examples of suitable MIL-C-39029 contacts for use in
MIL-C-38999 connectors are for HB1 and HB2 specitication sheets /102 and /103; for HB3
and HB4 spaecification sheets /28 and /75. This will improve the overall VSWR characteristics
and reduce interfarence on the signal iines.
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FIGURE 10.2 Typical High Bandwidth Switching paths
10.1.1.2.4 Cabling

ISSUE: What type of cables should be used for High Bandwidth signals?

GUIDANCE: The use of 'ow loss coaxial cable for ail High Bandwidth signal lines is required, as a
minimum, to be able 0 meet the ASI to AS! attenuation requirements for the long cable lengths
required in an aircraft. Examples of suitable coaxial cable types are for HB1 and HB2 - RG316
cable and for HE3 and HB4 - RG179 cable. Where possible use of Triaxial cable is recommended
to give added protection against interference due to electric or magnetic fiekis. Examples of
suitable triaxial cable types are for HB1 and H32 - Trompeter TRC-50-2 and for HB3 and HB4
- Trompeter TRC-75-2.
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10.1.2 MIL-STD-1553 Issugs The following issues are considered:

- Bus Topology - Impact of Critical Signals
Hardware/Software partitioning - Open Circuit Stubs

10.1.2.1 Bus Topology Four separate bus configurations are considered here:

- Local or Aircraft Bus - Single or Multiple Buses
- Shared Use - Linear Bus or other Topology

10.1.2.1.1  Local or Alrcraft Bus

ISSUE: Should the MIL-STD-1553 bus at the ASI be a loca! bus or part of a common aircraft
bus?

GUIDANCE: It is recommended that a common aircralt bus, as shown in figure 10.3, be used in
preference to separate local buses. The use of separate buses for each AS! requires that separate
bus control circuitry is provided for each ASI. This when compared with the common bus
approach, will increase the size of electronics required, reduce the overall reliability of the
system and add on extra levels of complexity to the overall design. One advaniage of using
individual buses (figures 10.3) is to provide isolation of the bus at the ASI. This is necessary to
prevent radiation of data from an open circuit stub subsequent to a store being released.
However, isolation of the ASI can easily be provided by other means, such as relays.

sc
ASI ASI ASllcorvecvocrenccna.. ASI
Common MIL-STD-1553 Stores Bus
MNTERNAL BUS

I

8¢ 8c 8C |, 8c

] ]

ASI| ASt [} 1] DN ASI

Individual MIL-STD-1553 Stores Buses
FIGURE 10.3 Local and aircraft MIL-STD-1553 buses
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10.1.2.1.2 Single or Multiple Buses
ISSUE: Should single or multiple buses be used for the stores bus?

GUIDANCE: A single dual redundant bus is recommended in preference to muttiple buses (see
figure 10.4), unless the number of Remote Terminal addresses required cannot be accommodated
on a single bus. A single bus can support a maximum of 30 diffarant Remote Terminal addresses
but it is reccmmended that the total used on a single bus be limited to 25 to aliow some rcom for
future expansion. A single bus should be adequate in terms of bus traffic and reliability and will
minimize the amount of electronics required in terms of numbers of bus controllers.

10.1.2.1.3 Shared Use
ISSUE: Should the stores bus be combined with other MIL-STD-1553 aircraft buses?

GUIDANCE: It is recommended that the stores bus, wherever possible, be combined with the bus
used within the AIS. Both these buses require critical data to be translerred and both need to be
under the control of the AIS. By combining these buses aircraft wiring is reduced and fewer bus
controllers are required and this will reduce the size of the electronics (see Figure 10.5). It is
not recommended that the stores bus be combined with any other aircraft bus as there will be a
conflict between the types of data to be transferred vshich could make it difficuit to meet the
requirements for critical signal transfer on the stores bus (ses paragraph 10.1.2.2).

8c
ASI Al ASl AS| ASH A
Single Bus System

----------------

ASI) AS| ASl AS| E;J AS)

Multiple Bus System

FIGURE 10.4 Single and Muttiple Stores Buses
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10.1.2.1.4 Linear Bus or Other Topology
ISSUE: What topology should be used for the stores bus?

GUIDANCE: A linear bus (see figure 10.6) is one which is routed through the aircrafi, including
the wings, and stubs taken from the bus as close as possible to the store stations and remote
units. An alternative topology is for the bus to be confined to tha fuselage (see figure 10.7).
Mux bus wiring from an ASI on the wing pylons would have to be routed down the length of the
wing to a stubbing point in the fuselage. This sescond alternative would require more aircraft
wiring, but provide greater system survivability of battle damage. The two buses in a dual
redundant system could aiso be separated making it very uniikely that both are destroyed by the
same area of damage.




FIGURE 10.6 Linear Bus

o

il

FIGURE 10.7 Starred Bus
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10.1.2.2 |mpact of Critical Signals
ISSUE: What impact does the requirement to transfer critical data have on the stores bus?

GUIDANCE: MIL-STD-1760 requires that the probability of inadvertent generation of a valid
critical and authority word demanding critical action shall not exceed 1 in 105 flight hours. To
meet this requirement great care must be taken to design a bus controller of high integrity for
the stores bus. See paragraph 10.2.2.

10.1.23 Hardware/Software paritioning
ISSUE: How should the bus contro! function be partitioned between hardware and firmware?

GUIDANCE: The actual partitioning between hardware and firmware is for the designers to
determine, but they should be aware of all of the requirements of MIL-STD-1760 before
deciding on this partitioning. The following gives two examples of requirements that need 1o be
considered:

a 1.in 10% hours critical probability quoted in 10.1.2.2 above

b. The AEIS bus coniroller shall be capable of transmitting commands at a rate such that
an intermessage gap of 750 microseconds maximum can be supplied when needed. This
requirement has been removed by notice 3 thereby allowing a more siressing requirement to be
imposed 2n individual aircraft, that is as short as 50 microsecor ds maximum.

Figure 10.8 shows a typical design for a bus controller. The following indicates typical
partitioning of functions between hardware and firmware:

a Hardware: - Checksum generation and checking
- (Critical) Authority code generation (MIL-STD-1553)
- Protocol error handling

b. Firmware: - Data bus changeover
- Busy management
- Status word exceplion handling
- Combining safety critical and non-critical message demands
- Insertion of Critical Authority code
- Safety Critical message checks to include inhibiting any
transmission of nuclear wemon subaddresses to any ASI
- Checking that critical control and authority words match before
enabling transmission of Mission Store Control Message

10.1.2.4 Open Circuit Stubs

ISSUE: What effect does open circuit stubs have on the design of the stores bus?

GUIDANCE: After a slore has been released, the MS! end of the umbilical will probably remain
exposed and therefore able to radiate the aclivity on the mux bus. To prevent this, the stub

providing the mux bus 10 the AS| needs to be isolated following store release. Some methods of
isolation are shown in figure 10.9.
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10.1.3 Low Bandwidih Issues The tollowing issues are considered: networks, switching
elements, and connections.

10.1.3.1 Neiwork This is brokan into four further issues:

Centraiized or Listributed - Technology
- Shared Usage - Impact of Potential Use as a Low Speed Data Bus

10.1.3.1.1 Centralized or distributed
ISSUE: Should the Low Bandwidth Network be centralized or distributed?

GUIDANCE: A centralized system is recommended (same configuration as a High Bandwidth
centralized network shown in figure 10.1) to provide the Low Bandwidth Network in the same
area as the High Bandwidth Network (see paragiaph 10.1.1). However, this is dependent on the
particular aircraft implementation. A centralized system would give a greater aircraft wiring
weiaht, but in a distributed system where the network is "daisy chained" (figure 10.1), the
removal of a unit, such as a pylon mounted Sicre Station Equipment, would result in the loss of
the Low Bandwidth network to units further down the chain.

10.1.3.1.2 Iechnology
ISSUE: What technology should be used for the Low Bandwidth Network?

GUIDANCE: Use of switched technology, such as relays, is recommended, as the present state of
FOM technclogy makes this option very expensive and it is unable to transmit DC levels as
required by MIL-STD-1760.

10.1.3.1.3 Shared Usage
ISSUE: Could the Low Bandwidth Network be used for other functions?

GUIDANCE: There should be an opportunity to use this network to transfer other audio signals
particularly signals from exisling stores, for example the audio from a Sidewinder AIM-9L
missile. The designer should ensure these signals are compatible with the network and that they
do not compromise the requirements of MIL-STD-1760.

10.1.3.1.4 |mpact of potential use as Low Speed Data Bus
ISSUE: How is the Low Bandwidth Network affected by its potential use as a Low speed Data Bus?

GUIDANCE: It is recommended that if the Low Bandwidth network were to be used as a low speed
data bus, the bandwidth of the network shoula be increased to allow signal frequencies between
DC and 1MHz to be passed. Otherwise the use of this network as a low speed data bus should not
greatly impact the design of the network, as the existing requirements of MIL-STD-1760 should
ensure that this network can suppcrt being used for this purpose. The designer should be aware
cf this potential additional requirement to ensure that this facility can easily be accommodated in
the future.

10.1.3.2 Swilching Elements
ISSUE: What type of switching elements should be used for Low Bandwidth signals?
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GUIDANCE: It is recommended that signal relays conforming to MIL-R-39016 be used for
swilching :he Low Bandwidth signals, as semiconductor switches of comparable size would
significartly degrade the signal.

10.1.3.3 Connections This is broken into two further issues; connectors and cabling.
10.1.3.3.1 Connectors
ISSUE: Whal type of conneciors should be used for Low Bandwidth signals?

GUIDANCE: It is recommended that whenever possible twinaxial or triaxial connectors or
triaxial contacts in a larger connector be used.

10.1.3.3.2 Cabling
ISSUE: Wha: type of cable should be used for Low Bandwidth signals?

GUIDANCE: The use of triaxial or twinaxial cable is reccmmended. Two coaxial cables with the
screens lied may be used if absolutely necessary.

10.1.4 Discrete Signal Issues The following interfaces are considered:

- Release Consent - Interlock
- Address - Structure Ground

10.1.4.1 Release Consent This is broken into three issues: Switching Location; Switching
Design, Elements and Location; and Internal information Transfer.

10.1.4.1.1 Swilching Location
ISSUE: Where should the swilching elements for Release Consent be located?

GUIDANCE: As this is a safety critical interface, the final switch elements in the signal path
must be as close as possiole 1o the ASI, thereby minimizing the possibility of electromagnetic
interference inadvertertiy activating the interface. The. return for Release Consent is the same
line as used for 28\ DC Power 2 return. 1t is therefore racommended that the switching circuits
for 28V DC Power 2 be located close to the swilching circuits for Release Consent.

10.14.1.2 Switching Design, Elements and Location
ISSUE: What guigance can be given for the design of the switching circuits for Release Consent?

GUIDANCE: As this is a safety critical signal the design of the switch should meet the normal
requirements for such signals (see 10.2.1). At least two switch elements should be provided in
this signal path as shown in figure 10.11 to ensure no single tault can inadvertently activate the
signal. One of these switch elements should provide an air break for protection against EMI and
the second switch element should be a semiconductor switch for protection against vibration.
Care should be taken in the design of the release consent switches 10 ensure that the isolation
requirement of MIL-STD-1760 (100Kohms) between Release consent signals at different ASis
is met. Special consideration should be given to the design of the BIT circuit for this signal, to
ensure that any biasing circuits do not compromise the isolation requirements.
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10.1.4.1.3 Internal Information Transfer
ISSUE: How does Release Consent effect internal information transfer within the AIS?

GUIDANCE: 1t is recommended that Release Consent is only activated after a positive aircrew
action such as operation of Trigger. This operation shouid be transferred to the remote unit
using discrete signals, so that interlocks can be provided on the release consent switching circuit
thereby inhibiting activation of the output unless Trigger is operated. This, combined with the
use of critical data transfer on the internal MIL-STD-1553 AIS bus, will provide a high level of
safety on this critical interface. See Figure 10.10.

TRIGGER
DISCRETE

INTERNAL AlS BUS 28 VOC

| AT I
o SEMICONDUCTOR
SWITCH
___-_L MECHANICAL
SWITCH

RELEASE CONSENT

SSE

FIGURE 10.10 Release Consent Switching Circuit

10.1.4.2 |nterlock This is broken into two issues; monitoring location and circuitry.

10.1.4.2.1 Moniloring Location
ISSUE: Where should the Interlock monitoring circuitry be located?

GUIDANCE: It is recommended that the interlock signal be monitored close 1o the ASI to reduce
aircraft wiring. The Interlock signal may be used directly or indirectly to remove 28V DC
power from the store for deadfacing the connector when the store is not present. If Interlock is
10 be used for this, then it is recommended that the monitor circuit for this signal be close to the
power switching elements for the particular ASI,

10.1.42.2 Circuitry
ISSUE: What guidance can be given for the designs of the interlock circuitry?

GUIDANCE: The designer shouid be aware of all the requirements concerning the interlock
interface especially if this interface is to be used to determine store presence. If this is the case,
the designer should ensure that the response time of the monitoring circuit 1o changes of
Interlock status is acceptable for the overall system design as well as ensuring all the voltage,
current and threshold requirements of MIL-STD-1760 are met. A typical Interlock circuit is
shown in figure 10.11.
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FIGURE 10.11 Typical Interlock Circuit

10.1.4.3 Address This is broken into two issues; fixed or variable and determined at ASI or
Equipment.

10.1.4.3.1 Eixed or Variable
ISSUE: Should the Address discretes have fixed or variable value?

GUIDANCE: Itis strongly recommended that fixed addresses are used 1o identify the Remote
Terminal address at all ASls. If variable addresses are used it would degrade the safety of the
system when considering the transfer of safety critical information on the MIL-STD-1553 Mux
Bus.

10.1.4.3.2 Determined at AS| or Equipment
ISSUE: Where shouid the RT Address of an ASI be determined?

GUIDANCE: The Address should be determined at any convenient point in the aircraft that is non-
interchangeable. For example, as shown in figure 10.12, if there is an ASI in a removable
structure the address determination circuitry should not be located in the structure itself, but
the wiring should be routed through the structure to address determination circuitry located in
the non-removable structure. This will prevent the possibiiity that simply by exchanging
structures two different ASI could be allocated the same RT Address (see also 13.1.2.3).

10.1.4.4 Siructure Ground

ISSUE: What guidance can be given for the Structure Ground signals?

GUIDANCE: This signal should be connected to aircraft structure ground at the closest convenient
point to the ASI. This signal is only used to minimize shock hazards to personnel and must not be
used as a normal signal or power return path. The AS| to MSI umbilical cable should have an
overall screen which should be bonded to the shell of the connectors at either end, thereby

providing a structure ground path to the store, capable of carrying the currents generated by
lightning strikes etc.
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FIGURE 10.12 Location of RT Address

10.1.5 Power Issues The following primary power issues are considered:

Centralized/Distributed
Elements

Connections

Signa!l Specific Design

10.1.5.1 Centralized or distribyted This is broken into two further issues: switching and fault
isolation.

10.1.5.1.1 Switching
ISSUE: Should the power switching circuitry be centralized or distributed?

poop

GUIDANCE: It is recommended that, wherever possible, the power switching elements be located
close 1o the ASI particularty for 28V DC Power 2 which should be considered as the safety
critical supply. However, if there are limiting factors, such as lack of space in a pylon, then
some of these power switching elements could be located centrally. As shown in figure 0.13, a
centralized system wouid require more aircraft wiring compared with a distributed system.

10.1.5.1.2 Fault isoiation
'SSUE: Where should the fault isolation elements for the power signals be located?

GUIDANCE: It is recommended that, wherever possible, the fault isolation elements shouid be
located close to, but before, the switching elements as shown in figure 10.14. Tnis will allow
the fault isolation element to be monitored by the internal AIS BIT without having to activate the
switch elements and thus apply power to the store. This means the state of all the circuit
breakers in the system can be obtained by the AIS before the aircraft is airborne allowing any
corrective action 1o be taken belore the stari of a mission.

10.1.5.2 Elements This is broken into two further issues: Power Switches and Isolation
Elements.
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10.1.5.2.1 Power Switches
ISSUE: What type of power swilching elements should be used?
GUIDANCE: Mechanical power relays to MIL-R-6106 should be used for tha switching of power

as the voltage drops associated with solid state power switching devices wuuld make it very
difficult 1o meet the requirements of MIL-STD-1760.

10.1.5.2.2 |solation Elements

ISSUE: What type of fault isolation elements should be used?

GUIDANCE: Circuit Breakers conforming to MIL-STD-1498 should be used for the isolation
elements in the power lines as other devices, such as fuses, cannot meet the current-time
profiles specified in MIL-STD-1760.

10.1.5.3 Connections This is broken into two further issues: connectors and cabling.

10.1.5.3.1 Connectors
ISSUE: What guidance can be given for the connectors 1o be used for power interfaces?
GUIDANCE: It is racommended that power interface lines should be routed through connectors

with the largest contacts practical to reduce voltage drops, that is use size 16 contacts or larger
wherever possible.

10.1.5.3.2 Cabling

ISSUE: What guidance can be given for the cabling to be used for Power signals?

GUIDANCE: It is recommended that the largest cable that is practical be used for all power

wiring to reduce the voltage drops through the cable, that is use size 16 AWG or larger wherever
possible.

10.1.5.4 Sigpal Specific Design This is broken into three further issues: 28V DC Power 1,
28V DC Power 2, and 115V AC.

10.1.5.4.1 28V DC Power 1
ISSUE: What specific guidance can be given for 28V DC Power 1?

GUIDAMCE: This signal should be treated as a non-critical powaer interface that can be applied to
the store at any time.

10.1.5.42 28Y DC Power 2
ISSUE: What specific guidance can be given for 28V DC Power 27

GUIDANCE: This interface should be treated as a salety critical supply and, as shown figure
10.15, it is recommended that this be interlocked with an aircrew oparated switch, such as
Master Arm, such that it cannot be activated until there has been a positive action by the
aircrew. The designer should also be aware that the retum for 28V DC Power 2 is also used as
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the return for Release Consent. This could affect the way these functions are partitioned within a
Store Station Equipment.
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FIGURE 10.15 28V DC Power 2 Control

10.1.5.43 115V AC
ISSUE: What specific guidance can be given for 115V AC?

GUIDANCE: This wnterface should be treated as a non-critical power supoly that can be applied to
the store at any time. It is rec.mmended that ali three phases be switched together to reduce the
circuitry required for power switching and to reduce the time slew between the switching of
individual phases. If this signai is to be used to powar stores that only require a single phase
(such as the AiM-9 Sidewinder missiles), then the designer must consider the implications of
having the remaining two pt.ases active but not connected. In this case separate switch elements
on each phase could be used or additional switch elements introduced.

10.1.6 Auxiliary Signal Set 1ssues The following issues are considered:

Auxiliary Powei Switching/isolation

Auxiliary Interl